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PREFACE. 



In this, the Sixth Edition of '' The Abtillebist's Mai^ual, 
AND BfiiTisH Soldier's Compendium/' considerable altera- 
tions, and additions will be found, these having been called 
for by the increased circulation of the work, and also by the 
exigencies of the combined Services. 

Were the present publication to have been but a mere 
transcript of tho preceding, it would have been a most un- 
gracious return for the very gratifying reception of the work 
by the Military* and Naval authorities, and a large propor- 
tion of the officers of all Services. A glance at the following 
alterations, and additions will suffice to prove that they were 
necessary for the completion of the work (as far as its limited 
size would admit), in order that the Manual might, as 
hitherto, be considered a compendium of theoretical and 
practical information, adapted for all . branches of the 
Services. 

AUerations, and Additions. 

Percussion small arms. Bullets. Charges, &c. 
Platoon exercise, and different firings for the ordinary, 

or rifle musket. 
Light balls. Smoke balls. Carcasses. 
Fuzes, metal. Fuzes, Captain Boxer's. 
Common case shot. Grape shot. 
Charges, high, low, distant, &c. 
Ha Jt i ^^"P^*' 56-pr., 32-pr. brass howitzer. 

^^^ * ' ( 8-inch howitzer. Carronades. Mortals. 



* Vide OnrsBAL obdbb, dated April 26, 1840; also MetaxQin3i<^>»&^ 
dated December 10, 1840, page yi. 



Eevised, in conformiiy 
to last Edition of 
" Field batteey 
exeecise, and 
movements," <sx5. 



IV PREFACE. 

Field battery exercise. \ 

Application of field artillery. 
Equipment of batteries. 
Weight of harness, carriages, &c. 
Encamping, and picketing. 
Embarking, and disembarking. 
Troop of Horse Artillery, establishment. 

Field battery s n > establishment. 

•^ ( 9-pr. guns J 

Ball cartridge brigade, equipment. 

Exercise of heavy Ordnance, &c. Eevised, in conformity 

to last Edition of " Insteuctionb, and Eegula- 

TIONS FOE the SEEVICE OF HEAVY OeDNANCE." 

Congreve Rockets, exercise, &c. Bicochet firing. 
Platforms. Colonel Alderson*s platform. 
Sleighs. Scaling ladders. Tonnage table. 
Permanent fortification. Maxims, &c. Yauban's First 

system.* 
Field fortification. Principles, and maxims. 
Construction, &c., of field works. 
Method of tracing field works on the ground. 
Naval bombardments. 
Shelter from an enemy's fire. 
Trigonometry. Trigonometry without logarithms. 
The mechanical powers. 
Cordage. Chains. Iron rods. 
Transverse strength, and weight of materials. 
Mensuration of planes. 

&c. &/C. &c. 

To meet the requirements of officers on active service, 
and military students in general, an epitome of permanent, 
and field fortification, with a plate, has been introduced into 
the Manual; aided by which, in coigunction with "Tei- 

GONOMETEY;" " ReCONNOITEINQ, and SuBVEYING;" 



* Vanban himself disclaiined any title to the invention of a s^tem : he 
merely modified, or improved the methods of architects and engmeers pre- 
ceding him. The mode of constmction of Vauban's First system, descrioed 
in the "M^i^nnati, is a combination of the methods at the Royal Military College, 
Boyal Military A<»demy, and Addiscombe Seminary, a variation existing in 
the Kana, and Profiles adopted at these institutions. 



PBEFACE. V 

" Heights, and Distances," and " Pbactical Geometby," 
officers will be able readily, and efficiently, to execute bigh, 
and important duties, wben employed on tbe staff, &c. <&c. 

"Mechanics," "Coedaqe," "Timbee," have been 
revised ; and modified, in conformity to the works on these 
suljects recently published, and from data of a scientific, and 
experienced civil engineer. 

Officers of the Navy are referred to " Naval Bombabd- 
MENTS," (extracted from Sir Howard Douglas's highly 
valued publication, entitled " A Teeatise on Naval Gun- 
NEBY, &c.") ; considerable additions to the tables of ranges, 
&c., of heavy ordnance; shot, and shells; charges. Ml, 
distant, <&c. ; naval rifie ; tonnage, cordage, chains, &c. <&c., 
as a slight testimony that every exertion has been made to 
render the work worthy the continued notice of the Lords of 
the Admiraliy, and the acceptation of it by all ranks of the 
Naval Service. 

In each successive edition of the Manual, the requirements 
of the officers of the East India Company's Service * have 
been borne in mind, similarly to those of the Queen's Service, 
(especially the Ordnance corps, for whom the original com- 
pilation was chiefly undertaken,) and it is hoped that the 
present edition may be approved by all ranks, and by all 
Services at Home, and Abroad. 

Frederick A. Griffiths. 
December 19, 1854. 



* The Court of Directors have manifested their opinion of " Thb Abtii<- 
lsbist'b MuriTAL," &c., by a liberal distribution of eacn edition to the officers 
in command at the severu Presidencies, &c, &c. 



Yl PREFACE. 



JExtracts, 



Genebal Obdeb. 

25th April, 1840. 
'* The Master Gieneral particularly recommends to the 
officers, non-commissioned officers, and men of the Ordnance 
Military Corps, the revised edition of the excellent little 
work, entitled ' The ArtLLleriBt's Manual,' ahout to be pub- 
lifihed by the author. Captain Griffiths, Boyal Artillery. 
The information contained in this book mnst be of infinite 
use to every one desirous of becoming conversant with the 
system, and discipline, not only of the service of the Eoyal 
Artiflery, but of the Army generally.*' 



Memobandum. 

Horse Guards, 10th Dec, 1840. 
" The General Commanding in Chief strongly recom- 
mends to the officers, and non-commissioned officers of the 
Army, the revised edition of a work, entitled * The Artil- 
lerist's Manuid,' a work replete with the most useM military 
information, and of which Captain Griffiths, of the Royal 
Artillery, is the author. 
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MUSKET — FLINT LOCK. 

lb. lb. 



Weight ofMugket 10) 



Do. of Bayonet 
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PERCUSSION SMALL ARMS. 

1. 1842 Pattern : Percussion Musket, Smooth-bore. 

T^o^^l (Length 3 ft. 3 in. 

/, ^^*^* (L^iameter of bore -TSSinch. 

vr ^ 4, f Length 4 ft. 7 in. 

^^^^* jWe^ht 10lb.2oz. 

T> . f Length beyond muzzle 1ft. 5^ in. 

^y""** jw4ht 1 lb. 1 oz. 

Arm complete J Length 6 ft. } in. 

with bayonet \ Weight lllb. 3oz. 

Bullet (Spherical) '689 inch diameter, weight 490 grains. 

Charge, 4} drams F G. 

Sixty rounds with 76 Caps = 61b. 10 oz. 

2. 1853 Pattern : Artillery Carbine. 

•p I f Length 2 ft. 

^*"^^ 1 Diameter of here -677 in. 

« ,. f Length 3ft. 4^ in. 

^^""^^ Weight 6lb.7ioz. 

Sword Bayonet J Length * 1ft. lOfin. 

beyond muzzle 1 Weight 1 lb. 12oz. 

Arm Complete J Length &^.^\si, 

with Bayonet "J Weight %\\i.^QT., 

llie Biding ia 3 grooves and one turn, 6 ft. 6 in. 

B 



S HUBEETS, ETC. [PART I. 

Bniiet(Pritchettwithonti™nc«p).{SL::::::::: ^mtS: 

Charge of Powder, 2 drams F G. 

Weight of 20 Bounds, with 25 Caps = 1 Ih. II <a. 2 dramB. 

3, 1851 Pattern: Hegalation Bifle— Hasket. 

B__i (Length 3 ft. 3 in. 

™™' tBore -702 in. 

Bifling, 4 Orooves, one turn in 6 ft. 6 in. 

--■k- {tegi: *""■ 



1 Weight 91b. 9ioi 



■D.,™,^!. J length bayond mnade 1 ft.M in. 

^J"""' iWeight 16i^, 

Arm complete /Length eft-OjiD. 

with BHjonet 1 Weight lOlb.Sf oi. 

B"«-(»-">-ISl::::::::::::::::::::::::::::::::: SIL 



Siitj ronnde and 75 Caps = 7 Ih. oz 

Charge, 2} drs. F G. 

4. 1853 Pattern. EnEeld Bifle— Mi 

""> {te",:::::::::::::: 

Three grooTes, one turn in 6 ft. 6 in. 



"""^ 1 Weight 81b. 8 

■D.^^^, J Length beyond muzzle 1 ft. 51 

B"ron«t i Weight II OK 



Bn)let(Prilchett)- 



r Weight . 
[ Kanieter 



rSiargB, 2j drama 1' O, 

Sixty ram ids nnd 75 Caps -5 lb. 8oz.4 drams. 

6. Victoria CarMne: (For Cavalry.) 

B— {&"..==== ^1?:; 

B*'(s,b.™i) {SS.;-::rr:=;z: S^. 

Chai^, 2i drama F, G, 

. 1 ,„ (Length 3 ft. 6 in. 

Armoomplete -j Weight 7 lb. 9oz. 

6. Naval Bifle. 

1842 Pattern. PercnsBiaD miukot, Bided with 3 or 4 groorea. 

Bullet (Minis).., f Weight 848 gr. 

witb Iron i^up j Diameter '746 in. 

Ci/uge, 3 drama F. G. 



PART I.] CARTRIDGES, ETC. 3 

7. Pistol : Army pattern. 

^Length Oinches. 

Barrel ■< Weight 1 lb. 6 oz. 

(^ Diameter of bore '733 inch. 

a™, complete ...{We^lSf -—::=Z= V^^. 

Charge of Powder for Ball cartridges, 2 J drams. 
Ball, Liead, the same as for the Line-pattern Musket. 

BLANK CARTRIDGES. 

The charge of powder for Blank cartridges, for all the above- 
mentioned Small arms, is the same; viz., 3^ drams. 

CARTRIDGES FOR MUSKETS, ETC. 

A sheet of Small arm Cartridge paper is cut in two parts 
parallel to the shortest side, then each half into three parts, after 
which one comer of each rectangle is laid on its opposite comer, 
and creased in the middle. One sheet thus makes 12 musket, rifle, 
or carbine cartridges. The sheet of paper may also be cut into 
four equal parts parallel to the short side, each piece into two ; 
the opposite comers of the rectangle being brought together and 
creased — ^making 16 cartridges. 

To make the Cartridge. — ^Lay the Former (a small cylindrical 
piece of wood, concave at one end) with the ball at the end of 
the paper, and parallel and close to the side next the rectangle, 
roll it up, leaving about three-fourths of an inch between the ball 
and the end of the paper, choke it above and below the ball, and 
tie it with two half hitches and a thumb hitch. Spread open the 
paper below the ball, and the cartridge is ready to be filled. 

^lanh cartridges are made in a similar manner, with Blite 
paper, to prevent the risk of accidents ; and the former is con- 
vex at one end, instead of being concave. 

Fining cartridges. — The required charge of powder is put 
into the case, which is then tied with two half hitches. The 
paper above the tie is left that the cartridge may be taken out of 
the cartouch box without difificulty. 

Cartridges are packed in parcels, 10 in each, and in barrels 
containing 50 parcels. 

CHARGE OP POWDER FOR CARTRIDGES.* 

Ball cartridge. Blank cartridge. 

Musket, Flint lock 6 drams 5 drams. 

Carbine and Rifle ditto 4 „ 4 „ 



* These charges are for Sintlocka; for the charges ioT'PeTcuf^%\OTi^TDL«2k^ 
41209 — vide precwiing pages, 

b2 



BROWNING GUN BABRELS. 



[part I. 



SmaU arm ammunition is packed in boxes, which are intended 
to be carried on the backs of horses or mules. 



DIMENSIONS OF BOXES. 
Length, 1 ft. 5} in. Depth, 1 ft. 3) in. 

CONTENTS OF BOXES. 



Breadth, 7 J in. 



No. of 
Cartridges. 

Musket 1000 

n k* f Common 1300 

Carbme I Musket bore.... 1080 

Rifle 1300 

p. , 1 ("Carbine bore ... 1500 
ristoi - "I Musket bore ... 1368 

One horse or mule can carry two 
200 flints. 



Wt.ofbox. 



lb. oz. 



Weight, 
lb. oz. 

93 13 
85 10 
97 4 
85 10 

94 8 
111 8 

boxes, and one bag containing 



12 
12 
12 
12 
12 
12 



4 
4 
4 
4 
4 
4 



Total, 
lb. oz. 



106 1 
97 14 

109 8 
97 14 

106 12 

123 12 



Weight of two boxes at 106 lb. 

One bag of 200 flints 

Tarpauling 

Pack-saddle 



lb. oz. 

each 212 

7 3 

5 

45 



269 3 



INSTRUCTIONS FOR BROWNING GUN BARRELS. 

The following ingredients, viz. : — 



1 J oz. of Spirits of wine, 
1 J oz. Tincture of steel, 
J oz. of Corrosive sublimate, 



IJ oz. of Sweet spirit of Nitre, 
1 oz. of Blue vitnol, 
§ oz. of Nitric acid, 

are to be mixed and dissolved in one quart of soft water. 

Previous to commencing the operation of browning, it is neces- 
sary that the barrel should be made quite bright with emery or a 
fine smooth file (but not burnished), after which it must be care- 
ftiUy cleaned from all greasiness ; a small quantity of poimded 
lime rubbed well over every part of the barrel is best for this pur- 
pose : a plug of wood is then to be put into the nose of the barrel, 
and the mixture applied to every part with a clean sponge or rag. 
The barrel is then to be exposed to the air for twenty-four hours ; 
after which it is to be well rubbed over with a Steel scratch 
card or Scratch brushy until the rust is entirely removed; the 
mixture may then be applied again, as before, and in a few hours 
the barrel will be sufficientiy corroded for the operation of scratch 
brushing to be repeated. The same process of scratching off* the 
rust and applying the mixture is to be repeated twice or three times 

a dajr for four or five days, by which the barrel will be made of a 

rerjr dark brown colour. 



PABT I.] IKFANTBY EXEBCISB. 5 

When the barrel is sufficiently brown, and the mst has been 
carefully removed from every part, about a quart of boiling water 
should oe poured over every part of the barrel, in order that the 
action of the acid mixture upon the barrel may be destroyed, and 
the rust thereby prevented from rising again. The barrel, when 
cold, should afterwards be rubbed over with linseed oil, or common 
oil. It is particularly directed that the use of the hard hair brush 
be discontinued in browning, and the steel scratch card or scratch 
brush used in place of it, otherwise the browning will not be 
durable nor have a good appearance. The browning mixture must 
be kept in glass bottles, as it will soon lose its virtue if kept in 
earthenware. 

The locks are on no account to be made of the hardening colour, 
as the repetition of the operation of hardening has a very injurious 
tendency. 

PERCUSSION FIRELOCKS. 

Muskets with Percussion locks require to be carefully handled, 
to prevent the cocks being made loose, by which their direct fall 
on the nipples would be rendered uncertain. 

They wDl, at all times, when unloaded, be used with the cocks 
down upon the nipples ; but, when they are loaded, the caps, or 
primers, wiU be put on, and the muskets carried at half cock for 
safety: there bem^ then less risk of accidental explosion than 
with the cocks restmg on the caps. 

When marching with the cap on, the cock will be brought up 
under the arm-pit, the sling resting on the arm ; but at other times 
the firelock may be carried with the barrel downwards, the rieht 
hand grasping the piece between the loop and swell ; and the leit 
the right arm just below the elbow. 



INFANTRY EXERCISE, AND MOVEMENTS, 

Extracted from 
" FIELD EXERCISES AND EVOLUTIONS OF THE ARMY," 

the Parte and Sectiona being numbered according thereto.* 

PACES. 

Slow timey each step, 30 inches, and 75 paces in a minute. 
Quick time, each step, 30 inches, and 108 paces in a minute. 
Double time, each step, 36 inches, and 150 paces in a minute. 
Back step, each 30 inches. Side or Closing step^ 10 inches. 

* Nora. In fke " ExereUe and Mon0ment$" 

Gommaader'tf Words are printed in Bi£AI<l Ck?r&kL^, 

BxeoaUrB Biii»)iV Prmt. 

Dtreetiam, Ao, ItoWct, 
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To ctdadate the number of Paea {each 30 iruAei) requtred/or a 
given number of Filet. 
As a soldier occupies 2 1 inches, take tvo-thirdg of the number 
of Files in the dmsion, and add an inch for each File. 



Table of the number 


o/Ftfe..*^ 


given number 


NranbeFofPUin 
in > Biorion 


■ 


. 


,. 


.. 


« 


» 




„ 


Front of Divi- 
sions inPaces 
of 30 inches. 


315 


id 15 


11 ti 


12 18 


r. 


. 


38 


35 



FUNT FIRELOCKS. 



1. Secure arms. 

2. Shoulder arms. 

3. Order arms. 

4. Fii bayonets. 

6. Present arma. 

7. Shoulder arms. 

8. Port arms. 

9. Chaj^e bajonets. 



Chaise ba 
ShouTdBT « 



10. 

11. Advance arms. 

12. Order arms, 

13. Advance arms. 
U. Shoulder arms. 

15. Support arms. 

16. Stand at ease. 

17. Attention. 

18. Carry arms. 

19. Slope arms. 

20. Stand at ease. 

21. Attention. 

22. Carry arms. 

23. Order arms. 

24. Unfix bayoDets. 

25. Stand at ease. 



At front rank tUmding, 
or, Ai rear rank itanding, 

— Ai front rank kneeling, 

— A$ rear rank kneeling. 

1. Prime, and Load. 

2. Handle cartridge. 

i. 'Bout. 

5. Draw ramroda. 

6. Earn down cartridge. 

7. Return ram rods. 

8. Aa front rank, Eeady. 

9. Present. 

10. Load. 

11. Shoulder anns. 

Al rear rani, Ready, &c. 



Prime and Load. 
Company Ready. 

At the tBord " Cease firing," 
the Company, if made ready, 
receivei the wrdi. 

Half cock arms. 

Shoulder arms. 
Or the tnord wiW be mven to 
" FireBToUey; and half-cock," 
{at priming poiiiioii,) 
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INPANTBT EXEBCISE. 



DISMIBSAL OF A COMPANY. 

Attention. 
Shoulder arms. 
RecoYer arms. 
Ease springs. 
Right lace. 
Lodge arms. 



INSPECnOK OF A COMPANY. 

1. Attention. 

2. Fix bayonets. 

3. Shoulder arms. 

4. Rear rank take open order 

— ^March. 

5. Open pans. 

6. Slope arms. 

7. Carry arms. 

8. Shut pans. 

9. Order arms. 

10. Examine arms. 

11. Return ramrods. 

12. Unfix bayonets. 

13. Rear rank take close order 

— ^March. 

14. Stand at ease. 



FEBGUSSION FIRELOCKS. 

MANUAL EXERCISE. 

Words of Command similar to those for Muskets with Flint 
locks. 

THE PLATOON EXERCISE, AND DIFFERENT FIRINQS FOR THE 
ORDINARY OR RIFLE BfUSKET.* 

To load from the shoulder ^ standing. „Vrei^rQ to load. 
from the Advance, atorkfiw^... Prepare to load. 
from the Order ^ standing Prepare to load. 

Load. 

Rod. 

Home. 

Return. 

Cap. 
As Front, or Bear rank — ^Yards, Ready, 

Present. 

Load, (&C., as above. 

To shoulder, when at the ^^SP^wfl^ I shoulder arms. 

position I 

lo advance arms, from the Capping L^^yj^«g 

position ) 

To make ready from the shoulder — ^Yards — Ready. 

, , from the Advance — ^Y ards — Ready. 

To fire hneding As front rank kneeling. 

— ^Yards — ^Ready 
Present. 



17 



arms. 



• Trom "Thb Platoobt Ezxbcisb, and DiTTRiaEKT "EiBinQi^ "so^ 'rask 
Obdutamt OB BiFLM MvBKXT," lately published. 
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Load, <&c,f as above. 
Cap. 

Shoulder arms. 
Advance arms. 

To load from the shovldeTf As front rank, kneeling, 

as Front Bank, kneding Prepare to load. 

To load from the Advance, As front rank, kneeling. 

aa Front Bank, kneding Prepare to load. 

Shoulder, or ) cm before 
Advance arms, j directed. 
As rear rank, kneeling, 

Yards — ^Beadj. 
Present. 

Load, d&c, as above. 
Cap. 

Shoulder, or, las before 
Advance arms, j directed. 

To load from the shoulder, As rear rank, kneeling, 

as Rea/r rank, kneding Prepare to load. 

To load from the Advance, As rear rank, kneeling, 

as Rear rank, kneding Prepare to load. 

As a Company As a Company, Load. 

Company, at yards, 

Eeady. 
Present. 
Half-cock arms. 
Shoulder arms. 
Firing as a wing, or as a Battalion, is performed precisely as 
laid down for a Company. 

A Company, Wing, or a Battalion can load, or make ready 
from the Order with the same ease, as from the shovMer. ^ 

Trailing arms Trail arms. 

Change arms. 

To resist Cav<jSi/ry Prepare to resist Cavalry. 

Ready, &c. 



WOBDS OF COMMAND FOB FUNEBAL PABTIES. 

Bainks open — Arms shouldered — Bayonets unfixed, facing the 
quarters of the Deceased. 

When the Corpse is brought out: 

I Present arms — Reverse arms — Rear rank 

I take close order — March. 

Divisions, Subdivisions, or Sections are wheeled forwards {or 
A^a^ardf) to form Column left in front. 

I Rear rank take op^n ot^«i— I&ax^ 
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COKPANT DRILL. 



WJien arrived at the Burial ground: 

Halt — ^Ranks, left and right wheel — Quick 
march — ^Halt — Inwards face — Rest upon your 
arms reversed — Stand at ease. 

When the Corpse has passed through: 

Attention — ^Reverse arms — Re-form Column 
— Ranks, right and left wheel — Quick march 
— ^Halt, front — March. 

When facing the grave: 

Rest upon your arms reversed — 
Stand at ease. 

After funeral service: 

Attention — Present arms — Shoulder arms 
— ^Prime and load with blank cartridge — 
Fire three volleys in the air — Order arms — 
Fix bayonets — Shoulder arms — Rear rank 
take close order — March. 

March hack to harrackSf right in front. 



COMPANY DRILL. 

Part 2. — Section 1. I^ormation of the Company. 

The Company is ordered to " Fall in" at close order ; is then 
sized from flanks to centre ; and told off in Sub-divisions, and 
four "sections. In Column of Sections, the Senior officer takes 
the Leading, the second senior the Third, the third Senior the 
Fourth, and the junior the Second section. The Company is also 
told of by " Threes from the right," numbered 1, 2, 8. Should 
there be a blank file in telling off the company in Une, it will in- 
variably be the fourth file frx)m the left. The Company is also 
told off from the right by alternate files, right, and left. 

In CloBe order the Rear rank is one pace, in Open order two 
paces, and for Inspection three paces, from the front rank. 

S. 2. Marching to the front. 
Bt thb Right (Left, or The Company wiU occasion' 

Centre) — March. cdly he ordered to 

Step out — Mark time — St^ 
short — Open, and dose ranks — 
Ohlique — Diagonal march, 

S. 3. The SidCf or Closing step. 
To THE Right (or Left) f 
cix>BE — Quick mabcb. — | 
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COMPANY DRILL. 
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S.4. The Back Step. 
Step back — March. 

S. 5. To form Four deep.* 

Form Four deep — March. 
Bear Form Four Deep — 

March. 
Bight Form Four Deep — 

March. 
Left Form Four Deep — 



I 



* In telling off the JUeSj 
ahoul-d the last file he a right 
file^ the left file on its right 
wiU dovhte in the rear of it, 
completing it to four deep, and 
leaving the other Section only 
two deep. 



March. 

To reform Two deep, from each of these formations. 



Front. (*or Halt — Front.) 

S. 6. File marching. 

To the Left Face — Quick 
March. 

From the halt. 

Advance in double Files 
FROM THE Centre — Sub- 
divisions Inwards face — 
Quick march. 

Front form Company — (or, 
To the Bight form Com- 
pany.) 



* If the Company is in move- 
ment. 



Halt, Front. 



After facing, the leading FUes 
disengage. 



Forward. 

Bight Suh-division — Halt, 
Front, Dress. The remainder 
of the Company march on in 
file, and form in succession on 
left of halted Sub-division. 



Sub-divisions, inwards turn — 
Bight and left wheel 



On the March. 

Advance in double files 
from the Centre. 

S. 7. Wheeling from a Halt. 
Bight (or Left; wheel — Quick march. | Halt, Dress. 

S. 8. Wheeling forward by Sub-divisions, from Line. 

By Sub-divisions Bight wheel — Quick march. | Halt, Dress. 

S. 9. Wheeling backward by Sub-divisions, from Line. 

By Sub-divisions on the Left backward Halt, Dress. 
WHEEL — Quick march. 

S. 10. Marching on an Alignement, in open column of Sub- 
divisions. 

March — (oh. Quick march.) | 

S. 11. Wheeling into Line, from Open column of Sub-divisions. 
J. Halt — Left wheel into Line — ^Q\31Ck. ^ Halt, Dress, 

JUA.BCH \'Ei^^*'£lQU\.. 
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2. On the Moveable pivot. 

Shoulders forward — ^Forward (or, Halt I 
Dress.) | 

>S^. 12. In Open column of Suh-divisiona entering into a new 
direction on a moveable pivot. 

Right (or Left) 
Shoulders for- 
ward-Forward, 



8. 13. Counter-marching. 

Counter-march by files. 

Right (or Left) Face — Quick iiarch. 

Counter-march by ranks. 

Right and Left Face — Right Counter 
MARCH — Quick march. 

S. 14. Wheeling on the centre of the Company. 

Company 

on the 

Centre 
— March. 



Halt, Front, 
Dress. 

Halt, Front, 
Dress. 



Wheel. 



Halt, Dress. 



' Right 

Left 

Right about 
^ Left about 

>S^. 15. Diagonal march. 

The pivots^ or outward Files, march in the direct line to which 
they havefoicedf the others conforming to them. 

8. 16. Increasing the front of an Open column halted Bight in 
front. 

Form Company. Left Sub-division, Left half face — Quick 

inarch — Halt, Front, Dress up. 

Diminishing the front of an Open colimin, Tudted, 

Form Sub-divi- Left Subdivision — Right about three-quar- 
8ION8. ters face — Quick march. 

2nd Senior , Halt, Front, Dress. 

8.n. Increasing the front of an Open column, on the march. 

Form Company. Left Sub-division, Left half turn. Double — 

Front turn. Quick. 

Diminishing the front of an Open column, on the march. 



Form Sub-divi- 
sions. 



Left Sub-division, Mark time — Right half 
turn — 2nd Senior, Front turn. 

When the above movements, 16 and 17, are performed Left in 
front, the Words Right will be altered to Left, and Left to 
Right. The same directions apply to sections. 

8. 18. In Open Column of Sub-divisions to pass a short defite^ 
hy breaking o^ files. 

Break off j ^ Flies on the left, "Rigjit \.\mi— "LfcSX. 

FILES. 



/ — m 

I wheel — 
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COMPANY DRILL. 



[part II. 



Halt, Dress. 



ma/rch 
continued. 



''l If the 
is to he 



Halt, Dress. 



After passing the defile. — Files to the front. 

8. 19. The Company in line halted, or on the march, moves 
to a flank in Column of sections, or Sections of threes. 

Sections (or threes) right (or left) shoul- 
ders FORWARD (if halted. Quick march) 

— ^FoRWARD. 

When Pivots are required to he accurately dressed, or when 
the alignement of the Company is to he preserved. 

Sections (or threes) on the right (or left) 

BACKWARDS WHEEL QuiCK MaRCH. 

To reform Company on the m^irch. 

Sections (or threes) right (or left) shoul- 
ders forward — 
* Forward — (or Halt, Dress.) 

For accurate dressing, or when the alignement is to he pre- 
served. 

Eight (or left) wheel into line — Quick 
march. 

S. 20. Forming Company, Suh^livisions, Sections, or Sec- 
tions of threes, from file marching. 

Front form Company (Sub-divisions, or Sec- * If the 

tions) — *FoRWARD. morch is to he 

continued. 

Marching in file from the right, to form the Company to the 
Left flank. 
Halt — Front. | 

Marching in file from the right, to form the Company to the 
Might flank. 

On the leading file to the right form 
Company. 

To form to the Right about. 
On the leading file to the right about 
form Company. 

S.2\. To form to either flank, from Open column of Suh- 
divisions. 

To the Left flank. 



Halt — Left wheel into Line — Quick 

MARCH. 

To form the Company to its Right flank. 



Halt, Dress, 
Eyes front. 



To THE 
PANY. 



RIGHT FORWARD FORM COM- 



Leadin^ sub-division 

Left shoulders forward 

— Forward, Halt, Dress. 

ytnd ^Mh-divUion (Left 

\ oblique t\n. dear o| Uwt 
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right Svh-division) — 
Left shoulders forward 
— ^Forward, Halt, Dress 
up. 

S, 22. Company moving to the fronts to gain ground to a 
flankj by march in echellon, by sections. 

Sections bioht — ^Forwabd. | 

To form Company — 
Form doMPAinr — -Forward. | 

/& 23. To form the BaUying square. 
Fork thb Ballyino Square. 

When the 8quare is to march — ^the 
Square will hove to the front, 
(bear, right, or left) Inwards 
FACE — Quick march — Halt — Pre- 
pare TO resist Cavalry — Ready.* 
Reduce the Square — Quick 

MARC9. 



* If ordered to fvre, 
the Standing ranks only 
will commence an inde- 
pendent fire. 



MOVEMENTS OF A BATTALION. 

P<»rt 3. — Section 1. Commands, 

All words of command must be given short, quick, and loud. 
8. 2. Degrees ofvMvrch. 

The, Suno step is particularlv applicable to purposes of parade, 
and occasionally to the march of extended lines. 

The Quick march is the usual pace to be applied to all 
general movements of Battalions, or greater bodies, in Column, 
or Line. 

Ths DmibiU March is only to be applied to the movements of 
the Divisions of a battalion, except upon peculiar occasions for 
short distances. 
8. 3. Marching in line. 

The March in Une is generally adopted where the country 
is open. 

8. 4. Wheeling. 

Wheels are made on a Halted pivot from Line into Column, 
and from Column into Line. The principle of the Moveable 
pivot must always be applied to the wheel of divisions marching 
m column. Wheels of divisions may be either made forward, or 
backward. In progressive movement they are to be made Forward, 
but particular occasions reouire that they should be made Backward 
on the pivot flank. The Backwards wheel need not, Vio^ft^^t^>^ 
practised where the ground ia uneven, and t\ie DV^sioias Btei.c>ra%<5t 
than 15 or 16 dies: where this ia the case, the Coinx£LaA<i^^rC^\)^ 
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Halt, Front. 



FoEM Open Columk, Right (or Left) in 
FRONT — Right about face — Right (or 
Left) wheel — Quick March. 

S. 5. Movements. 

Every movement must be divided into its distinct parts, and 
each part executed by its cautionary and executive words of com- 
mand. All field movements and firings are to be performed with 
fixed bayonets, except when troops are acting as Light infantry. 

JS. 6. The Alignement. 

To march in an Alignement is to make troops march in any 
straight Kne, which joins two given points — or to form upon any 
such given line. When troops are to form in a straight hne, two 
necessary points in it must always be previously ascertained. One, 
the point of Appui at which one flank of the Body is to be placed, 
and the other the distant point of formation or dressing, on which 
the front of the body is directed. 

S. 7. Points of formation. 

The line on which troops move, or are successively to form, 
may be taken up to any extent by the prolongation of an original 
short base, given in the direction which the Commander of a line 
will point out. 

S. 8. Dressing. 

The Officer in dressing is placed on that flank of his division 
to which the men's eyes are turned on the word " Dress," and 
from the second file from the flank of the Company towards which 
his wheeling flank moves from column, or his inward flank from 
echellon ; he makes his corrections on his intermediate point. In 
all wheelings into line the word " Eyes Front" will be given 
as soon as the dressing is completed. When Officers change from 
one flank to the other in order to close, they will pass by the front, 
and repass by the rear of their Companies. On all other occasions, 
when it is necessary to change their flanks in line, they will pass 
and repass by the rear. 

JS. 9. Open column. 

All changes of position, by means of the Open column, will 
be effected by the formation of a column, right or left, in front, on 
the named division. If on a flank division, the caution will specify 
whether the other flank is to be thrown back, or forward : if on a 
central division, the caution will in like manner specify which 
wing is to be thrown forward. An open column may effect a 
change of position upon its front, rear, or any central division by 
the named division wheeling up according to the front to which it 
is intended to change ; and the other divisions facing, and filing 
into the new alignement. 

x5r JO. Column at Quarter distancCy and Close column. 

WboD Close columna are formed, ttie Com^wAfta ox TiVmvswa 
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most be at one pace distance. In the wheel of a Column at 
quarter or close distance, the leading division acts as a moving base 
for the rear Companies to follow ; its length of step is regulated 
according to the depth of the column, and when at quarter dis- 
tance must be very short to enable the rear to circle simul- 
taneously round at the usual pace. Upon the wheel being ordered, 
all the rear divisions make a naif face to the wheeling nank : but 
at a quarter distance, the leading division will advance six paces 
on the word "Quick (or Double) March," and will wheel 
round the pivot file at a shortened pace, while each succeeding 
division will advance, in circling round, to quarter distance, which 
wiD leave room for the rear divisions to circle into their relative 
positions at that distance. In wheeHng on the Moveable pivot, 
the rear divisions make a half turn towards the shoulder brought 
forward, and the front division wheels and advances at a shortened 
pace in the new direction, the rear divisions circling round. In 
Close column, the supernumeraries will form on the reverse flanks 
of companies ; and wnen the column marches to a flank, they will 
move with their companies ; when the Close column is to counter- 
march they will remain on the reverse flank, and countermarch on 
their own ground. When a Column deploys on a rear division, the 
named division when uncovered will move up to the front (which 
its covering Serjeam; will mark) ; the points, therefore, necessary 
for the formation of the Battalion will be taken in prolongation of 
these points, and the Divisions which successively move up must 
Halt^ Fronts until their front is clear. 

S. 11. UcheOon. 

The Echellon position and movements are applicable to the 
oblique or direct changes of situation, which a Battalion may be 
obliged to make to the front or rear, or on a particular fixed divi- 
sion of the line. The oblique changes are produced by the wheel 
(less than the quarter circle) of divisions, which places them in the 
echellon situation. The direct changes are produced by the per- 
pendicular and successive march of divisions from line to front or 
rear. In Echellon, the inner flank, (or that which first joins its 
preceding division when the line is to be formed forward,) is the 
directing one ; and in Oblique echellon the wheels are made on it, 
into echellon — ^forward, and into line — ^backward. 

Practical rvlefor the Battalion and Line on aU occasions of 
Wheeling hy Companies into echellon. 

"Each covering Serjeant having previously placed himself 
befose or behind a given file (the 8th) from the standing flank, will 
take the named number of paces from the centre of that file on the 
arc of the circle, and thereby become a direction for the Company 
to wheel up to, and halt." 

As eight paces from the eighth file complete tlie QvxtttWc cai^^^ ^q 
four paces give the One eighth, and two pacea the On'^ «Ax\i^^\i^ 
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of the circle. All changes of firont by the Echellon inarch are per- 
formed by the forming diYisi^LS wheeling half the angle wheeled 
by the division to be tormed upon. In all changes of position by 
echeUon, whether direct or obuqne, the leaders of companies will 
invariably be on that flank towards which the change of position 
is to be made. But in taking ground to a flank on the march, in 
echellon of Sub-divisions or Sections, Companies' leaders remain in 
their places as when in line. 

8. 12. Squares. 

Squares are formed either from line, or from Column at foil, 
half, or quarter distance. The JSbUow square j four deep, is suffi- 
ciently solid to oppose an attack of Cavalry: it possesses, at the 
same time the advantage of rendering the fire of all the men 
available to the resistance of the enem^. The Solid sqv^ire should 
seldom be adopted, because a proportion of the men cannot give 
their fire. Close columns should in all cases when practicable, 
open therefore to quarter distance, and form Square (as in Sec. 21, 
No. 1, Part in.) But as every position in which a Battalion may be 
placed should be susceptible of ready resistance against Cavalry, the 
Close column can always assume an efficient posture of defence, 
by the six centre Companies wheeling outwards by Threes, and 
closing to the front, and the two rear Compani^ facing to the right 
about : the Officers and Serjeants taking post in the centre, ^^le 
wing of a battalion can in like manner form the solid square from 
a Close column of Sub-divisions. When Cavalry is not to be re- 
sisted, it will be sufficient to form the Square two deep to the rear. 
The formation of Battalion squares, either from Line or Column, 
is to be completed as ezpNeditiously as possible ; and the Squares 
may afterwards be placed in direct echeUon for mutual defence. 

S. 13. Firings. 

In all movements. Firing should commence after a fondation. 
In firing by Companies, the Leaders will give the Word ^^Meady" 
when the previous division fires, preserving the pause of slow time 
between this and "Present,^* the men firing when they have covered 
their objects. In firing by wings, one wing will receive the word 
"Beady" the instant the other nas completed its loading, (jreat 
care must be taken in file firing that it is not hurried, and that 
the men Present deliberately. The value of a soldier's ammuni- 
tion, and a jealousy of its expenditure without effect, must be care- 
fully inculcated ; for in proportion as a cool and well-directed fire 
serves to distract and throw an enemy into disorder, so is a wild, 
confased, and hurried fire (which is always without effect) clHcu- 
lated to give him confidence, and a contempt for his opponent. 
Soldiers should, therefore, bear in mind, that nothing makes so 
strong an impression on an enemy, as the thinning of his ranks 
If^ a well directed fire ,* and that nothing tends more to animate 
and encourage troopa than the diimmft\ied &Ke &otcl ruixks so 
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thinned ; a£B»tUng also the most favourable opportunity for a suc- 
cessfbl charge. In firing in square, the two front ranks are to 
come to the Kneeling position without cocking, on preparing to re- 
ceive cavahy. The standing ranks in square wul fire inde- 
pendently from the right of faces. 

Street firing. 

A Column at open, half, or quarter distance, formed in a street 
or narrow ground where deployment is impracticable, may be 
required to fire previous to cnarging forward, or by successive 
divisions in retiring. It will be performed in the following 
manner: — 

If (idvaneina, the two front Companies only will fire in succesr 
sion ; the leading Company firing and loading kneeling, the second 
Company closing to tne front, and firing standing. When the 
enemy's fire has oeen overcome, or at any favourable moment that 
may present itself, the colunm will diarge briskly forward, and 
maKe good the ground it is contending for. 

In retiring, the leading division will give its fire ; Slope arms ; 
Face outwards by sub-divisions ; File to the rear ; Re-form Com- 
pany; Load ; and remain halted, until its front is again clear, or 
the whole column is j)ut in motion. The moment the front of the 
second company is clear, it will give its fire ; Face outwards by 
sulxlivisions ; and file to the rear as above directed : and so on by 
companies in succession : the companies thus follow each other, 
and when the front of the column occupies the whole breadth of 
the street, the outward files of companies will double in the rear, 
to give the companies which have fired room to pass. It must 
never be forgotten, in entering towns or villages occupied by the 
enemy, that the first thing to be done, on gaining a footing in the 
place, is to . clear the houses on both fianks, and tiie codumn should 
on no account proceed through the streets without previously occu- 
pying the houses on either side ; the troops employed for that 
purpose breaking through partition walls, or pushing on from house 
to house, so as to accompany the march of tne main body, and pro- 
tect its flanks. 

FORMATION OF THE BATTALION. 

When the Battalion is f<Hined, there is to be no interval between 
any of the Companies, and every part of the front of the Battalion 
should be equally strong. The Grejiadiers will be on the right. 
Light company on the left, the other companies from right to left. 
The Battahon will be told ofif into Bight, and Left wings. 

FORMATION OF THE BATTALION, AT CLOSE ORDER. 

The Commanding officer is advanced in front for the ^qh^t^ 
purpose of exercise when the Battalion is single *, Wl m \)bft 
Manh ia line, and in the Sriogs, he 10 in the rear oi t^b^e OqVo^oiu 
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Tlie Lieutenant-colonel is behind the colours, twelve paces from 
the supernumerary rank. The Ist Major is six paces m the rear 
of the second Battalion company from the right nank; 2nd Major 
at the same distance in the rear of the second Battalion company 
from the left ; the Adjutant at the same distance in rear oi the 
colours. One Officer is on the right of the front rank of each com- 
pany, and One on the left of the Battalion ; all these are covered 
m the rear rank by their respective Serjeants ; and the remaining 
Officers and Serjeants are in a third rank behind their companies. 
The colours are placed (both in the front rankj between the two 
Centre companies. The supernumerary rank is at three paces 
distance when in Line ; and when in Column, it is at the distance 
of one pace. 

WTien the Battalion takes Open order. 

Officers of Companies and those with 
the Colours dress three paces in front of 
the Line. The 1st Major is on the right 
of the Officers, the 2nd Major on the left. 
The Adjutant on the left of the front 
rank. The Colonel ten paces, and the 
Lieutenant-colonel pix paces, in front of 
the Colours. 

When the Battalion resumes Close order. 



Beab Rank take Open 
Obdeb — ^Mabch. 



Beab Bank take Close 
Obdeb — ^Mabch. 



EVOLUTIONS OF THE BATTALION. 

MOVEMENTS OP THE BATTALION FROM LINE. 

S.l^, 1. The Battalion halted^ and correctly dressed^ is to 
advance in Line. 



SxeeuHve foordt qf 
Command, Direetiont, ^e. 



Commander'a 
Words qf Command, 

The Battalion will advance — 
Mabch (ob Q. mabch) — Halt. 

2. When the Battalion is to retire. 

The Battalion will betibe — 
Right about face — 
Quick mabch. 

3. TFhUe advancing in Line, the Battalion may form to 
either JlanJc by the Divisions vjheding to tlie Riqht (or ieft) o* 

/A^ Moveable pivot^ and forming on tKe jlatik Oomi^u>) V^WK 
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mU he halted in the direction of the new front) by the EcheUon 
march of divisions. 

S. 15. When a Battalion advancing in Line is to charge. 

Prepabe to charge — Chaboe — 
Halt. 

8. 16. When a Battcdion moving in Line passes a wood, 
<&e., to Front or Bear, hy thefiank march of Companies in file. 

l.Ifto pass to the Front. 
Fbom the bight (ob left) of Com- 
panies PASS BY FILES TO THE FRONT 

Companies bight (ob left) tubn 

^BlGHT (ob left) wheel. 

2. If to pass to the Bear* 

Fbom the pbopeb bight (ob left) * The Battalion in 
of Companies pass by files to the Line havina arrived at 
beab — Left (ob bight) tubn — the point wnere it must 
Bight (ob left) wheel — Halt — break. Companies may 
Fbont. also pass to the front 

or rea/r hy Sections of 
Threes. 

Z. If a Battcdion in first Line passes through a second, 
which advances and relieves it. 



Pass by files to the beab — Right 
FACE — Right wheel — Quick Mabch 
— HalT| Fbont. 



Pass by files to the 

TUBN — ^RlGHT WHEEL. 



The relieving Batta- 
lion marches up within 
twelve Paces of the 
front Line, the Com- 
panies of which proceed 
to the rear through the 
second Line. 

4. When the second line does not advance to relieve the first. 

BEAB — Left The first Line retires, 
and when within twelve 
paces passes through 
the second. 

8. 17. When the Battalion advances, or retires, hy half Batta- 
lion, and fires. 

1, If the Battalion is in march, and advancing. 
The Battalion will advance by I 
wings. (2nd Major) — Left wing | 
Halt — ^Mabch, (ob quick mabch.) 
(Senior Major)* — Right wing — 
Halt — Ready, fbesent — Load — 
Mabch, (ob quick maboh^ {2nd 
Major) — Left wnia — Halt — 
Bejmt, &c. 

o2 



* After having ad- 
vanced 15 paces. 



\ 
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2, If the BaUcMon is in march^ and retiring. 
The Battalion will ketire by wings 
— {Senior Major) — Right wikg — 
Halt — Front— -(27ki-3fa;or) * — ^Lept 
wing — Halt — Front — (/Senior Ma- 
jor) — Right wing — Ready, present 
■ — ^LoAD — Rightabout face — ^March 
(or quick march.)— (27i<2 Major) — 
Left wing — Halt — Front — -f- Left 
WING — Ready, Present — ^Load, &c. 



* After retiring 15 
paces. 



+ When Bight wing 
has retired X5 paces. 



S. 18. A Battalion in Line to move to attack^ or pass a bridge^ 
<fec., to the fronts from either flanks or from the centre. 

1. If from a JFlanh, by Companies, or Svh-divisions. 



Right (or left) division to the front 
— ^Remaining divisions — Right (or 
left) shoulders forward — Quick 
MARCH — ^Forward. 



Bear Divisions suc- 
cessively — Right (or 
left) shoulders forward 
— ^Forward. 



2. When the Column arrives near the point where the I/vne is 
to reform. 

Form line on the first division — 
. Remaining divisions — Right (or 
left) shoulders forward — 
Forward. 



Leading Division, 
Halt, Dress up. 

Bemaining Divisions 
successively — Right (or 
left) shoulders forward 
— Forward — Halt — 
Dress up — ^Eyes front. 



3. If the advance is from the Cetdre. 
Two centre Sub-divisions to the 

FRONT. 

Remaining Subdivisions, Right and 

LEFT SHOULDERS FORWARD, QuiCK 

MARCH — Forward. 



Bight wing Sub-divi- 
sions first throw Bight 
shoulders, and after- 
wards Left shoulders 
forward. 

Left wing Sub-divi- 
sions first throw Left 
shoulders, and after- 
wards Right shoulders 
forward, Suh^ivisions 
successively — ^Forward. 

4. Wlien the Double cohmrn arrives near the point where the 

Line is to be formed. 

Form line on two centre Sub-divi- 
sions — Remaining sub-divisions — 
Right, and Left shoulders for- 
TTAUD— Forward. 



\ 



Bemaining Sub-divi- 
visions successively — 
Right ror lefO shoulders 
forward — Forward — 
Halt — Dress up — ^Ejes 
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THE 
WING 

Left bhouldebs fob- 
ward. 



5. To form Line to the rigkt^ from the DotMe column. 

Form ldhb to the Bight wing Svh-divisiona — Halt» 
RIGHT — ^RiGHT WING Drcss — Left wing Sub-divinoTis sucr 

ce88ively—-Leit shoulders forward — For 
ward — Halt, Dress up — Eyes front. 

S. 19. A BtUtaUon in Line to retire over a hridge^ or defile^ or 
retreat from a Flank or Flanker in rear of the Centre. 

1. If from a flank. 

Left {or Right) Company — Companj 
(or Sub-divisionJ — Kignt about face — 
Quick march — ^Right (or Left) shoulders 
forward — Forward. When at intoard 
flank of right {or left) Division — Kight 
(or left) shoulders forward — Forward. 

The other Divieions foUow in eve- 
cession. 



Eetire by Companieb 
(or Sub -divisions) 
from the left (or 
right) in rear of 

THE right (or left.) 



2. Jf the JSetreat 19 fromhoth flanks. 



Betire from both 
flanks by sub-di- 
yi8i0n8 in sear of 
the centre. 



Right (or left) Sub-division —Right 
about face — Quick march — Right 
(or left) shoulders forward — ^Forward. 
nhen arrived at the proper points — 
Right (or left) shoulders forward — 
Forward. 

Bemaining right, and left Svh-divi- 
sions follow in succession. Two centre 
SulhaivisionSj when the Divisions next 
to them have commenced their second 
wheel — Right about face — Quick 
march. 

8. 20. A BfMttcdion in Line to march o^' in Column of divi- 
sions, successively to a flank. 

1. If the Movement is along the rear, and from the right 
flank. 
The Battalion will Bight Division {or Section) — ^Left 

MOVE IN Column face — Left wheel — Quick march — ^Front 
OF Divisions (or turn. 
sections) from the 

RIGHT along the 
REAR. 

2. VThen the Movement is from the left flank. 

Left Division {or Section) — Right 
face — ^Right wheel — Quick mar^^K — 
Ywnt iuTii. 

In MA movements the Divisions fodow in sxiccesftuya iKe 
leoiiinff dipteion. 
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S.21. When the BattaiUon, halted in Line^ is to form Square 
on a named Company^ or on the two centre Sub-divisions. 

1. If on a Central company. 

Column at Quaeter- 

When the Companies reach their 
peaces in Column^ they receive succes- 
sively 

Threes right (or left) shoulders forward 
— Halt, Dress. 



DISTANCE ON THE 
BIGHT (or left) 

CENTBE Company — 
Threes right and 

LEFT shoulders 

FORWARD — Double 
march. 

Form Square — 
Quick march. 
When the Second 
Company has dosed 
upon the front Com- 
pany^ which stands 
fast— 
Sections outwards. 



The two rear Companies dose upj 
and form the rear face of the Square^ 
receiving 
Halt — ^Kight about face. 

The remaining Companies whed out- 
wards by SectionSy the rear Sections 
dosing to the fronts after the whed. 



2. If on a Hank Company ^ and to a flank. 



Squabe on the bight 
(oB left) Company 
— Companies bight 

(OB left) 8H0UL- 

debs fobwabd 

Double mabch — 
Fobwabd. 



Leading Company — ^Halt. 
Second Company doses on it — Halt. 
Bemainder {eoccept the tux) last Com- 
panies), as they successivdy arrive at 
Quarter distance — 

Sections outwards. Two last Com- 
panies when closed up — Halt — ^Right 
about face. 



3. When the Square is to resist Cavalry. 



Pbepabe fob cavalby 

— Ready. 
* Kneeling banks — 

Beady — ^Pbesent 

— Load. 

Pbepabe fob 

cavalby (ob 

8h0uldeb abms.) 

4. To reduce the Square. 



The Kneding ranks do not cock untU 
required to fire. 

The Standina ranks fire by Files. 

* The Kneeling ranks, whm required 
to fire a voUey. 



Rb-fobm column. 



Quick mabch. 



Bear sections of side Faces step 
bade to wheding distance, pivot men 
facing to their proper front, and at 
Quick mabch wheel badewards — Halt, 
Dress. Front Company advances to 
quarter distance — Halt, Dress. Tvh) 
rear Compauies retwe— li.«\i^ Fc^nt 
Dress. 
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5. If the Square ia to he farmed on the two centre 8ulh 
divinone. 



Oh the two cehtbe 
sub-diyibions 
form square. 



Bight Aim left 
Shouldebs 
Forward — 



Quick march. 



The otUer 8vb-divi8ion8 of the two 
centre Companies face inwards^ and 
leading flee disengage; the tvx) flank 
Companies face inwards^ and the re- 
maining Companies of the Battalion 
fa^^e to the rignt about. 
No. 1, 2, 3, 6, 7, 8 Companies^ Sections 
successively, Halt, Front. TJ^e two centre 
Sub-divisions dose by the side step, upon 
the interval left by the Colours. The Sub- 
divisions of the ttoo flank Companies 
are conducted to form the rear Face, the 
right Suh-division of the Grenadiers 
covering its left Subdivision, and the 
left StA-division of the Light Company 
covering its right Suh-divtsion, each re- 
ceiving Halt, Kight (or Left) face. 



6. To reduce the Square and form Line. 



He-forh LniE — 
Quick (or Double) 

MARCH. 



The flank Companies face outwards; 
and the rear Sub-divisions of the centre 
face outwards, and flle into line at 
Quick (or double) march — Halt, 
Front, Dress. The two centre Sub- 
divisions open by the side step to right, 
and left. The fl^mk Companies move 
in file to their respective places. The 
other Companies aeploy by Sections and 
(when at their places) receive Rieht 
(or Left) shoulders forward — ^Forward — 
Halt, Dress up. 

7. But should it have been previously necessary to move the 
Square, 

The rear Subdivisions of the side 
faces fall back to Section distance, and 
the Pivot men face to their proper 
front, and at Quick march, tKe Sec- 
tions which formed the side faces wheel 
backwards; and the two Sub-divisions 
of the front face, and four Sub-divisions 
of the rear face, advance to quarter 
distance. The Sub-divisions of front 
face receive Halt. Sub-divisions of the 
rear face receive — ^Halt — 'YtonX.. 

8. When the Line is retiring, the SqjiMJt/rt may be formed oA. 
i?fU!e lintAifut halting. 



Form double column 

OF 8UB-DrVI8IOH8 — 

Quick march. 
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Ow TWO CENTRE SXJB- 

diyisions form 
Square. 



The ttiDO centre Svb-divimma^ Halt — 
Front. The outer Svh-divigions cf 
centre Companies "Inwards turn," and 
the formation vriU proceed (as directed 
in No. 5, Section 21) at the DoMe 
march. 



1. Form Square two 
deep on the two 
CENTRE Companies 
— Eemainino Com- 
panies RIGHT, AND 
LEFT SHOULDERS 

FORWARD — Quick 

MARCH. 



S. 22. When the Battalion forms a Square, or Oblong two deep, 
to protect baggage, <&c., against Infantry. 

The two centre Companies standfast, 
remaining Companies face to the right 
about, and at Quick March the two 
centre Companies (4 and 6) dose in- 
wards: the remainder right, and left 
shoulders forward, and move into 
Square. JNos. 1, 2, and 3, form the 
right fcux, 6, 7, and 8 the left face, the 
Grenadier, and Light Infantry the rear 
face of the Square, respectively receiv- 
ing Halt, Front, Dress. 

2. When the Square, or Oblong is to march by any one face. 

The Square will 
march to the 

FRONT (rear, right, 
OR left) face. 

Flank Faces — ^by sub- 
divisions ON THE 
right, and left 
backwards wheel 

— Quick march. 



Quick march. 



Halt — ^Re-form 
Square — 
Quick march. 



The rear face advances ttoo paces 
and faces ctbout — Halt, Dress. 

The Square marches two faces in 
Line, {by their centre,) and ttoo faces 
in Open column^ of Sub-diinsions. 

The Sub-divisions in column wheel 
up and form their faces, and the rear 
face wiu close up and then face about. 



3. To reduce the Square. 
Form Line — 

right, AND LEFT 

SHOULDERS 

FORWARD-— 

Quick march. 



The tu>o centre Companies open out 
by the side step, to leave room for the 
Colours. Bemaining Companies, Rieht 
(or left) shoulders forward — ForwarJ— 
Halt, Dress up. 

xS' 23. A Battalion halted in Line, to cliauge frout to tKe rear 
tiPi»» the centre. 
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Ghahoe fbont to 
the &eab upon 

THE CENTBE, 

Bemaining Companies^ 
Threes right, and 

LEFT SHOULDERS 
FORWARD— BieHT 
AND LEFT COUNTER- 
MARCH — Quick 
MARCH. 



Centre Companies. — Right (or left) face 
— ^Ri^ht CounteMnarch — <^ck march 
— Halt, Front, Dress up — Eyes front. 

The Companies pass each other hy 
the leftf those of the Right toing de- 
scribing a circle to aUow room for the 
others to pasSf and when in their pro- 
per position — ^Kiffht (or left) shonlaera 
forward — ^Forward — Halt, Dress up — 
Eyes front. 



CHANGES OP POSITION OF THE BATTALION FROM LINE BY 
MOVEMENTS OF THE OPEN COLUMN ON A FIXED POINT. 

S. 24. The Battalion to change position to the front on the 
right halted Company ^ by throwing forward the whole Left^ and 
hy thejUmk Ttiarch of Companies, 

1. Form open column If the change of front is to he at 

right angles with the old line^ the right 
Company stands fast ; if oblique to it, 
that Company will wheel back on the 
right flank as many paces as wiU make 
it perpendicular to the new direction, 
Bemcwnmg companies fa^ie to the right, 
and disengage to the left — ^Halt, Front, 
Dress. 



IN FRONT OF THE 

RIGHT Company — 
Remaining Com* 
PANIE&— Right 

FA0B--<iUICK 
MARCH. 



Right wheel into 

LINE. 



Halt, Dress — ^Eyes front. 



2. The BatUdion may change its position to the Lefty Bight 
thrown forward, by theformation of the Open column in front of 
the left halted Con^any, 

3. If the Change of position is effected by theformation of the 
Open &>liMm on a central Company, the caution wUl specify 
which flank is to be thrown for^t^xd. The Companies face in- 
\D(vrds, and disengage. 

4. When the Battalion is to change position on a flank halted 
Company, by throwing bade the other flank. 

Form open column 
m KEAR of the 

RiOttT (or left) 

Company— Re- 
MAiNiNQ Companies 
— ^RioHT (or left) 
FACE — Quick 

MASCB, 



I 



Bemaining Companies — 
Halt, Fnmt, Dress. 
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BiaHT (oE left) 

WHEEL INTO LINE 

Quick icabch. 



Haiti Dress — ^Eyes front. 



Right (ob left) face 
— Quick mabch. 
Halt. 



ON A DISTANT POINT. 

S. 25. The Battalion in line changes position by breaking 
into Open colvmn, marching up in Column to the point where its 
head is to remain, and entering the line by the jlank march of 
Companies. 

The Battalion in Open column to 
form at a point where its leading flank 
is to be placed, receives — Halt — when 
its leading division is at wheeling dis- 
tance short of that point. 

S. 26. The Battalion formed in Une, changes position by 
breaking into Open column, marching to a point where its head 
is to rest, and to which its rear divisions form, by sv>ccessively 
passing each other, and wheeling up. 

Leading division — ^Right (or left) 
shoulders forward — Forward — Halt, 
Dress. Bemaining divisions succes- 
sively — Right (or left) shoulders for- 
ward — ^Forward — Halt, Dress up. 



FoBM line to the 
beyebse flank. 



By successive 

DIVISIONS — ReAB 
WING TO THE 
FBONT. 



OPEN COLUMN MOVEMENTS. 

8. 27. When the leading fUkink of the Column is changed by 
the su4xessive march of Divisions from the rear to the front. 

Halt — If Bight in front; Bear Company — 

Right face — Quick march — ^Front turn. 
Bemaining Divisions in succession, when 
their rear Division passes them — ^Right 
face — Quick march — ^Front turn. 

If left in front, the rear Divisions 
are faced to the left. 

8. 28. To change the Wings of a column formed upon a road, 
where the space does not admit of the Flank movement. 

By double files fbom 

THE CENTBE, BEAB 
WING TO THE FBONT. 

Two CENTBE Sec- 
tions OUTWABDS 



WHEEL 

Quick march.* 



Bear Company — ^Inwards face, hy 
Files from the centre. Bemaining Com- 
panies* — ^Halt, dress. Bear Division 
when dear of the Column — ^Form Com- 
pany — Forward. Bemaining Divisions 
in succession when dear — ^Inwards face 
— Quick March. — ¥oxni Company — For- 
ward. 
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S. 29. When the Column^ at open^ or half distance^ is required 
to form a Square. 

1. If the Square is to he formed on the front Company, 
Form Squabb upon {Vide S, 21 No. 2.) 

THE FRONT CoMPANY 

— Quick march. 

2. If upon a central Company. 

Form Square on the The Officer commanding the named 
RiOHT (or left) Division^ gives — Sections outwards ; the 
centre Company rear Sections dosing on the front Sec- 
Right (or left) tvons. The Left toing will cHose to Sec- 
WING — Right about tion distance, and the Companies receive^ 
FACE — Quick (or in succession — Sections outwards; the 
double) march. Right Wing vjill move to the Centre^ 

rear Bank m fronts and when each Com- 
pany shall dose up to the one preceding 
ity Companies 3, 4, 6, 6 Front turn, Sec- 
tions outwards, and the rear Sections 
dose to the front. Nos. 1 and 2 — Halt, 
Front,— ^o«. 7 and 8 — Halt, Right 
about face. 

3. If an Open Column, moinng to front, or rear in FUe, or 
Sections of Threes, he attacked hy Cavalry, 

If in File. 

The Divisions turn to the right, and 
left; and if the Column he right in 
front, when the left centre Company has 
turned it receives — Sections outwards; 
the Wings dose on the centre, at the 
dovble march, and each Company wheels 
outwards into Square; as in No. 2. 

If the Column is moving in Sections of Threes. 

Right (or left) 
shoulders for- 
ward^ 

Forward — Square on 
the centre — Right 
WING, Right about 
TURN — ^Double. 



Form Square on the 

centre — ^WlNGS 

inward turn 

Double march. 



The Formation proceeds as hefore. 
The Column is reformed as directed 
in S. 21, No. 4. 



QUARTER DISTANCE, AND OLOSE COLUMN. 

S. 30. When a Battalion forms a dose, or quarter distance 
Column, from Line. 

X.Ifa Close Column before^ or hekind^ either o/ tKe jlauk 
Oompantes. 
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Form clobe (ob 

QUABTEB distance) 



COLUMN ON 



Company, right (or 
left) in front — 
Eight (or left) pace 
— Quick march. 



All except the named Con^panf — 
Halt, Front, Dress. 



2. On a central Company. 



Inwards pace — 
Quick march. 



AU except the named Company — 
Halt, Front, Dress. 

In the same manner^ Column may he formed from Line upon 
any Company facing to the rear; that Company counter-marching 
hy files, and the Wvnga facing outwards^ and counter-marching to 
the right, or left; and forming as before. 

In dU Counter-ma/rchea from Line, the Company of formation 
foiU be faced by the command of its oion Officer, 

Z,Ifa Quarter distance Column upon any named Company. 
Form column at 



quarter distance 
Bight (or left) in 
FRONT, ON Com- 
pany — Remaining 
Companies, threes 
— shoulders for- 
WARD — Quick (or 
double) march — 

FOBWABD. 



Shoulders forward — ^Halt, Dress, as in 
Nos. 1 and 2. 

The leading Threes of the Company 
next the one of formation must wheel 
upon its centre file in disengaging to the 
rear. 



4. The Close column may be formed from Open column. 



If on the March, Leading division — 
Haft. Bemaining divisions successively 
—Halt: 

When on the DoMe march — Quick. 



Close to the feont — 
Quick (ob double) 

MABCH. 

Or vyithout halting — 
Close to the fbont 
— ^Double. 

8.Z\. When the Column^ at dose, or quarter distance^ 
marches to a flank. 

Column will mabch 
to the bight (ob 
left) flank — 
Right (ob left) 
face — Quick 
mabch — ^Halt, 
front. 

JfiAe Column it at quarter Dutanee, U ma<«| ht nwr^ked to 
a^MU- iM jSections of threes. 
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Thbees Right (ob 

left) 8H0ULDEB8 

poKWABD — Quick 

MABXM — FOBWABD. 

S. 32. When the Coltmm at ^^rter distaneCf moving to 
front f or rear, takes ground to the Bight j or Leftj by the EcheXUm 
march of Sections. 

1. Sections bight (ob 

left) ^FOEWABD. 

2. Re-fobm column — 

FOBWABD. 

Ground may he taken to a flank hy the diagonal march. 

Right (ob left) 
half tubn. 

S. 33. When a Column hcdted, at Chse, or Quarter distance^ 
is to wheel on a fixed, or moveable pivot, 

1. — At dose distance on a fixed pivot. 



Officers remain on their proper pivot 
flank. 



Column to the bight 
(ob left) wheel — 
Quick (ob double) 
MABCH — Halt. 



The flank file of front Company vnU 
face. Memaimng Companies make a 
halfface. 

Vide 8. 10, No. 6. 



2. — At dose distance on a moveable pivot. 
Right (ob left) 

SHOULDEBS FOBr 

WABD— Halt (ob 

FOBWABD.) 

If the Column is to whed in double time. 

Double — ^Fobwabd 
— Quick. 

3. — At Quarter distance on a fixed pivot. 



Bear Divisions wiU make a half turn 
to the outward flank, and drde round. 



RiGfflT (ob L^rr) 
wheel — Quick (ob 
double) mabch — 
Halt. 



Bear Divisions halfface to the wheel- 
ing flank. The front Division vnU ad^ 
vance six paces, and wheel at shortened 
pace rownd the Pivot, the rear JDivi- 
sions circling round, 

4 — At Quarter distance on a moveable pivot. 

Right (ob left) 

The Front division moves round <xt a 
short pace, the pivot man graduaUy 
advancing in the new direction. 

S. 84. When a Close, or Quarter distance Obliimu %» to 
change its front hy the whed and oowUer-ma/rch of 3ttb-daA)i8uyaft 
r&umd i/^ eenire. 



BHOULDEBS FOB- 
WABD— DoUBLE 

FoBWABD — Quick. 
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\.—If(UihehaU. 

Counter march by 
Sub-divisions 
round the centre 
— Right (or left) 
Sub-divisions — 
Right about pace 
— Quick (or 
double) march — 
* Halt, Front, 
Dress. 



The Reverse sub-divisions face about. 

The whole wheel round in succes- 
sion. 

* When the leading Svh-division is in 
a line upon the new front of the Co- 
lumn. 

Front applies to the Beverse sub- 
divisions only. 

2. If the Column at Quarter distance is on the march. 

Bight (or left) 
Sub-divisions — 
Right about turn 
— ^Front turn — 
Forward. 

S. 35. When a Column at dose^ or quarter distance^ is to 
open out toftdl, or half distance^ from fronts or rear. 

1. If from the front. 



Column will open 

from the front 

Right about face 
— Quick march. 

2. If from the rear. 

Column will open 

FROM the rear — 

Quick march. 



The requisite number of paces are 
counted by the leaders of each, IHvision. 
Halt, Front. 



Each IHvision leader gives Halt to 
the Company in his front, when at the 
ordered distance. 



DEPLOYMENTS. 

Deployments are made from Column invariably on the base 
of the front Company; Close columns deploy in File. 

8. 36. When the BaMalion in column of Companies^ at 
ClosCj or Quarter distance {right in front) j deploys into Line. 

FROM CLOSE COLUMN. 

1. On the Front Company. 

Deploy on the front 
Company — 
Remaining Com- 
panies — Left pace 
— Quick March. 

2. On the Bear Company. 

DXPLOT ON THE REAR 

COMPAVY — 
HsMAININa COM- 



Each Company^ in succession — Front 
turn — Halt, Dress up — Eyes front. 



When the front of the named Com- 
joany is ciear, the Officer commanding 
it gives — Double, HiBixOi^r— ^«i\^ Dress 
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PANiES, Bight face up — ^Eyes front — Remaining Compct- 
— Quick mabch. n%es atuxessivelif — Halt, Front. Whenui^ 

covered^ Quick march, and when in the 
alignementf Halt, Dress up — Eyes front. 

Deplotfment8 on a central Company are performed in a 
similar manner. In deployina on a rear^ or centred Company, 
the Company offormMum will be moved up in Dovhle time. 

FROM QUARTER DISTANCE COLUMN. 

3. When a Battalion in Column of Companies at quarter 
distance, right in front, deploys upon its Front division. 

Depix)y on the feont 
Company — 
Remaining Com- 
panies, Threes 
bight shouldebs 
FOBWABD — Quick 
(oB double) mabch 

^FoBWABD. 



Left shoulders forward — Forward^ 
Halt, Dress up — ^Eyes front. 

A. On a Rear Company. 



Deploy on the beab 
Company — 
Remaining Com- 
panies, Thbees — 

LEFT SHOULDEBS 

FOBWABD — Quick 



When the Front is dear, Rear Comr- 
pamf — Double, inarch — Halt, Dress up 
— ^Elyes front. The other Companies 
successively — shoulders forward — Halt. 
When uncovered — Quick inarch — Halt, 
Dress up — ^Eyes fix)nt. 



KABCH — ^FoBWABD. 

Hie Base points are three paces in advance of the Front 
Company of the Column. 

ECHELLON FORMATIONS, AND MOVEMENTS. 

S. 37. Wlien a Battalion from Line wheels forward by Com- 
panies, to either flank, into EcheUon. 

1. Companies 



Paces to the 

WHEEL — Quick 

MABCH. Halt, Dress. 

2. When the JScheUon thus formed marches forward, and 
halts. 
Quick mabch — ^Halt | 

S. 38. TFhen the Battalion having wheeled from Line into 
Echedon, has marched, and halted, and is to form back parallel 
to the Line it quitt$d. 
Wheel back into 

LINE — 

Quick mabch. / Hal^ Dress — ^Eyes front. 
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S. 39. When the Battalion having wheeled from Line into 
JEcheUonf has marched^ and haUed^ and is to form up obUgue to 
the Line it quitted. 

1. If the Formation is made forward. 



Leading Division 

paces bight 

(or left) wheel — 
Quick mabch. 

Form like — Quick 

MARCH. 



Leading Division — Halt, Dress — 
Eyes front. Bemaining Divisions — 
shoulders forward — Halt, Dress up — 
E jes front. 



2. If the wheel of the leading Division exceed the nwmber of 
paces which it before wheeled from Line into EcheUon^ the others 
wheel up one half of that excess^ move on, and sticcessively dress 
up with it, 

3. If the formation is to he on the prolongation of thefr<mt 
Division as it stands, the others wheel hack one luAf of what 
they originally wheeled forward, then move on, ana dress up 
loith it. 

S. 40. When the Battalion formed in Line changes front 
on a fixed flank Company, hy throwing forward the rest of the 
Battalion. 



Change front on- 



CoMPANY, Right 
(or left) thrown 
FORWARD, Com- 
pany PACES 

right (or left) 

WHEEL. 

Remaining Compa- 
nies PACES TO 

THE — — WHEEL 

Quick march * 
Quick march.-j- 

S.Al. When the 
Company, hy throwing 

CflANOe FRONT ON-^ — 

Company, right 
(or left) thkown 

BACK. 

Remaining Com- 
panies, Right 

about face, 

paces to the 

WHEEL — Quick 



Company of formation — Halt, Dress. 

Bemaining Companies — 

* Halt, Dress. 

t shoulders forward — Halt, 

Dress up — ^Eyes front. 

Battalion changes front on a fixed flank 
hack the rest of the Battcdion. 



Company on the ^backwards 

wheel — Quick march — Halt, Dress. 



Halt, BreBS. 
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Quick habch (ob 
habch). 



sbotdders forward — Halt, Front, 

Dress up — ^Eyes front. 

S. 42. When the Battalion changes front on a Central 
Company, by advancing one Wing, and retiring the other. 

The Company of the vdng to he throvon hack is wheeled 
hachward, and the Company of the wing to he brought forward 
is wheded forward; or a Central Company is wheeled upon its 
centre into the view direction, 

WING, Right 

ABOUT FACE — COM- 
PANIES PACES 



inwards wheel — 
Quick makch. 
Quick mabch. 



Halt, Dress. 

Companies successivehj — shoulders 
forward — and when in Line, those of 
the advancing Wing receive — Halt, 
Dress up: the retiring Wing — Halt, 
Front, Dress up. 

8. 43. When, from Open column, the Companies wheel hack- 
ward into JScheUon, in order to form in Line on the front Com- 
pany. 

The front Company remains square 
to the Column, or is wheded hacMvard 
into the intended direction of the Line, 
hy its Officer. 

If th^ front Company remains square, 
the remaining Companies wheel hack 
fowr paces, or the eighth of a circle ^ 
hut if the direction he Ohlique, then the 
remaining Companies wheel one half the 
number wheded hy the front Company, 
in addition to tils eighth of a circle-^ 
Halt, Dress. 

Quick mabch, shoulders forward — ^Halt, Dress 

up — ^Eyes front. 

2. If the Line he formed on the rear Company of the Column, 
that Company will standfast, the others wiU receive. 

Right 



1. FoBM LINE ON THE 
LEADING DIVI8I0N. 

ReHAININO DIVISIONS 

PACES ON THE 

BACKWARD 

WHEEL — Quick 

HABCH. 



ABOUT FACE, 
PACES ON THE 
BACKWARDS 



WHEEL — Quick 

MABCH. 

Quick habch. 



Halt, Dress. 

shoulders forward — ^Halt, Front, 

Dress up — ^Eyes front. 

3. If the Line is to he formed on a rear Company^ lyut f acvag 
to the £ear. 
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Halt, Front, Dress — ^Eyes firOnt 



forv line on bejlb 

Company, pacing 

to the rear. 
The Column will 

counter-march. 

Face — Quick march. 

^form line on 

the leading divf- 

BioN — Remaining 

DIVISIONS, FOUR 
paces ON THE 

backward wheel 
— Quick march.* 
Quick march.-}- 

4. If the Line he formed on a Central Company of the 
Column. 

Form line on the 

RIGHT (or left) 

centre Company — 
^- WING right 
about pace — Four 

PACES ON the right 

(or left) back- 
wards WHEEL 

Quick march. 



* Halt, Dresa. 

-|- shoulders forward — Halt, 

Dress up — ^Eyes front. 



Quick MARCH. 



AU except the Central Company 
Halt, Dress. 

Companies of Wings — {exc^t Com- 
pany formed on) shoulders forward 

Halt, Dress up, Eyes front. Or 

shoulders forward — Halt, Front, Dress 
up — Eyes front. 

S. 44. When from Line the Companies of a Battalion march 
off in EcheUon^ successively and directly to the front; and again 
firm Line to the fronts or flank. 

1. When the intention is to form Line to the front. 

Advance in direct 

When the leading Division receives 
Halt, the others move on, and Halt, 
Dress up, in line with it. 

2. When the intention is to form Line to the flank. 

Form line to the 

Leading Division — Halt, Dress — 
Eyes front. 

I Bemaining divisions 
Br DinsiONB shouldebs i*orwabd I — Halt, Dress up — 



ECHELLON OF COM- 
PANIES FROM THE 
RIGHT (or left.) 



RIGHT (or left) 

flank — 
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Z. If a Column is to he formed to the flank, from a direct 
EcheXUm. 

FoBM coLumr in reas of 

INO DIVISION — ThBEES 



THB LEAD- 
-SHOULDEBS 



FORWABD — ^Forward. 



shoulders for- 
ward — Halt, Dress. 



8, 45. When a Battalion in EcheUon of Companies, halted, or 
in motion, is required to form Square, 



COHPANIEB RIGHT (OR LEFT) SHOULDERS 

FORWARD— Forward— Form square. 



The formation toill 
proceed as directed in 
Section 29. 



S. 46. When a Battalion marching in line is to take ground 
to a flank hy the EcheUon movement of Svh-divisions, or 
Sections. 

1. Sub-divisions (or Sections) right 
(or left) — ^Forward. 

2. When sufficient ground has been taken to theflanh, 
Rb-fobh ijnb — ^Forward — Halt. | 

3. When sufficient ground has been taken in EcheUon to a 
Hankf and a forward formation of the line is to be made. 

The head Division is 
wheeled up tivo paces 
more and halted. 

Divisions successively 

shoulders forward. 

Halt, Dress up— -Eyes 
front. 

In taking ground to a flank, ifasmdU degree of obliquity from 
the former position is to be taken, the line may wheel forward by 
Companies; if a greater j by Subdivisions; and if a greater stiU, 
by /Actions, 



Form Line 
ON the leading division. 
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PART 11. 

MANUAL, AND PLATOON EXERCISE, 

For the new Carbine, Eoyal Eegiment of Artillery. 



Percussion Lock. 



MANUAL EXEBOIBE. 

Present arms. 
Shoulder arms. 
Order arms. 
Shoulder arms. 
Slope arms. 
Stand at ease. 
Attention. 
Carry arms. 
Trail arms. 
Shoulder arms. 
Order arms. 
Trail arms. 
Order arms. 
Fix bayonets. 
Shoulder arms. 
Charge bayonets. 
Shoulder arms. 
Order arms. 
Unfix bayonets. 
Stand at ease. 

PLATOON EXERCISE. 

1. As a front rank standing. 

2. As a rear rank standing. 

3. As a front rank kneeling. 

4. As a rear rank kneeling. 
As front rank standing^ Load. 

Handle cartridge. 

Draw ramrods. 

Bam down cartridge. 

Eetum ramrods. 

'Bout. 

Prime. 
As front rank — ^Beady. 

Present. 

Zoad, 08 before directed. 
'Bout 



Prime. 

Shoulder arms. 
As rear rank standing — ^Beady. 
Present. 
Load. 
&c., &c. 

TO FIRE KNEELING. 

As front rank kneeling — ^Beady. 

Present. 

Load, as before directed. 

'Bout. 

Prime. 

Order, or Shoulder arms. 
As rear rank kneeling — Beady. 

Present. 

Load, as before directed. 

'Bout. 

Prime. 

Order, or Shtfulder arms. 
Wing or Battalion: Com- 

panpf prepare to load. 

Load. 
Company y Wing, ) Beady. 

or Battalion j Present. 

Half cock arms. 

Shoulder arms. 
To fire a volley, and half cock. 

Beady. 

Present. 

Shoulder arms. 

INSPECTION OP A COMPANY. 

Double distance — Bear rank 

take open order — March. 
Port arms. 
Half-cock arms. 
Ease springs. 
\ Sho\iiiaeT anna. 



Order arms. 
Examine arms. 
Return ramrods. 
Fix bayonets. 

DIBIOBSAL OF ▲ COMPANY. 

BecoTer arms. 
Right face. 
Lodge arms. 

TO FIRE ▲ FET^DE-JOIB, 

With blank cartridge — Lead. 

Ready. 

Present. 

Commence firirig from the rights 
and then reload. 

After the third Jire» 

Shoulder arms. 
Present arms. 
ShooMet amis. 



CABBHTB EXSBOISS. 



Order arms. 
Three cheers. 
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FUNEBAL EXERCISE. 

Present arms. 

ReTerse arms. 

Rest upon your arms reversed. 

Stand at ease. 

Attention. 

Reverse arms. 

Rest upon your arms reversed. 

Present arms. 

Shoulder arms. 

With blank cartridge — Load. 

Ready. 

Present. 

After the. third round. 
Shoulder arms. 

Rear rank take close order — 
March. 



On all occasions the New percussion Carbine, when capped, or 
having the snap-cap on, is to be kept at the half-cock, either when 
the soldier is on duty, or at drill, or when the carbine is lodged in 
the arm-rack of the guard-room or barrack-room ; and on no ac- 
count whatever is the eook to be allowed to remain down upon 
the cap at any time, except during the interval between the words 
of command, " Fire,*^ and " Load, in the Platoon exercise. 



INFANTRY SWORD EXERCISE. 

Words of Command throughout 

THE PBOOBESSIYE IXSTBUCTIONS OF THE DRILL. 



The u>ord» in ItaiUc9 are to ^erve ua a caution only. 

Section 1. 
extembion motions, and positions. 

Attention. 

First fixtemion motions. — One — ^Two— Three — ^Four'— Five. 

Firatposition tn three motions. — One— r-Two-^Three. 

J^icond position in two motions. — One — ^Two. 

Balance motions. — One — Two — ^Thre©-*— Four* 

Firet Position. 
Third jposition in two motions. — One— rlNvo,. 
jSscond extension motion8.--^<>ue — ^Two— Tbxee. 
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First position. 

Front. 
Stand at ease. 



Attention^ 

Positions. 

KrBlr-Second--Fir8t— Third. 

First — Second — ^Third — Second. 

Single attack — ^Double attack. 

Advance — Sin^e attack — ^Retire — ^Doable attack. 

IPront — Stand at ease. 



Section II. 
preparatory instruction with the sword. 

Attention. 

Draw swords — ^Betom swords — ^Draw swords — Slope swords. 

Stand at ease. 



Attention. 

Prepare for Sword exercise. 

Bight prove distance — Slope swords. 

Front prove distance — Slope swords. 

Assault. 

One — ^Two — ^Three — ^Fonr — ^Five — Six — Seven. 

First Point— Two— Second Point— Two— Third Point— Two. 

Defend. 

Second— Third— Fourth— Fifth— Sixth— Seventh. 

Parry — ^Two. Slope swords. Stand at ease. 

Attention. 

Guard — Inside guard. — Outside guard. 

Cut one. First euard. 

Cut two. Second guard. 

Cut three. Third guard. 

Cut four. Fourth guard. 

Cut five. Fifth guard. 

Cut six, Sixth guard. 

Cut seven. Seventh guard. 

First point. Two. 

Second point. Two. 

Third point. Two. 

Parrjr. Two. 

Ouam, ^\Qi^ vnotda. 

Stand at ease. 
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Section III. 

BEVIEW, OB INSPECTION EXERCISE. 

Attention. 

Prepare for Sword exercise. 

Eight prove distance — Slope swords. 

Front prove distance — Slope swords. 

Guard — ^Inside guard — Outside guard. 

One— Two— Three— Four— Five— Six— Seven. 

Points — ^First — Second — ^Third — ^Parry. 

Guard — Slope swords. 



SWORD PRACTICE. 

Guard. 
Insidef and Outside cvis — One — ^Two — ^Three — ^Four — ^Five — Six. 

Inside guard. 
Outside cuts. — ^Two — Four — Six. 

Outside guard. 

Inside cuts. — One — ^Three — ^Five. 

Guard — Slope swords — Stand at ease. 



Section IY. 

ATTACK, AND DEFENCE. 

Attention. 

Front rank, Bight about face — ^Prepare for Attack, and Defence. 

Prove distance — Slope swords. 

Guard — ^Inside guard — Outside guard. 

Left cheek — ^Right cheek — ^Wrist — ^Leg. 

Left side — ^Right side — Head. 

First point — ^Two — ^Third point — ^Two. 

Guard— Slope swords. 



Point, and Parrw.-r-Guard — Third point — Point. 
Point (continuing as long as requisite.) 
Guard — Slope swords — ^Stand at ease. 



Section V. 

8TICK DBILL. 

First Practice. 
Guard— rContimung the same words of coiQXQttSi<\ vkA 'd^'s^- 
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ments as in the "Attack and Defence" in Section 4th, omitting 
the word " Two" in the delivery of each point. 

Second PrcuAice, 

Guard — Continuing, &c., as the " Point and Parry," hut not ex- 
ceeding Six points. 

Thio'd Practice. 

Guard — Leg — ^Inside guard — Leg. 
Outside guard — ^Leg— Guard — Slope swords. 

Fowrth Practice, 

Guard— Head — ^Head — ^Leg— Leg— Head — ^Head — ^Guard. 

Slope swords. 

Fifth Practice. 

Head — ^Head — ^Arm — ^Head — ^Head — ^Arm. 
Head — Head — ^Bight side — ^Head — Head — ^Bight side. 

Slope swords. 

When perfect, by Word of command, the whole of this Section 
is to be performed in Quick time, by the drill officer naming only 
the practice required, but first giving the caution — Stick driU by 
practice divieione. 

CAVALRY SWORD EXERCISE. 

Review, or Lispection exercise. 

Right prove distance — Slope swords. 

Front prove distance — Slope swords. 

Perform Sword exercise — ^Krst division — Second drnsion. 



The time to be taken from the Flugleman as follows. 

Wordt of Oommamd. JPlnplewum, 

Right prove distance ........ Right. 

Slope swords Right. 

Front prove distance Right. 

Slope swords Right. 

Perform Sword exercise. 

Engage Right. 

Ri^t guard Right. 

Left guard Right. 

Assault 1, 2, 3, 4, 6, 6, 7, 1st, 2nd, 3rd, Left and Right. 
Right defend, 2nd, 3rd, 4th, 5th, 6th^ 7th, Parry Right 
Left defend, 2nd, 3rd, 4th, 6th, 6th, 7th. 

Pnrry Right and Left. 

Slope swords \«^ 



PABT U.] 



SWORD EXERCISE. 



41 



FIB8T DIVISIOir. 

Assault Left. 

One Left. 

Point ...... Left. 

Two Eight. 

Point Right. 

Three Right. 

Point Right 

Four Left. 

Point Left. 

Five Left. 

Point Left. 

Six Right.^ 

Point Right. 

Seven Right. 

Point Right. 

Slope swords .... Right. 



SECOND DIVISION. 

Assault Left. 

One Left. 

Point Right. 

Two Right. 

Point Left. 

Three Right. 

Point Left. 

Four Left. 

Point Right. 

Five Left. 

Point Right. 

Six Right. 

Point Left. 

Seven Right. 

Point Right rear. 

Slope swords . . . Right rear. 



FORMATION FOR SWORD EXERCISE ON FOOT. 



Officers take post in front. 

Quick inarch. 

From the inward flanks of wings 

tell off by Threes. 
From the right of the left wing 

open jour files. 
Qmck march. 
From the right of threes to the 

front, File. 
Quick inarch. 
Halt 

Prepare for sword exercise. 
Ejes right. 
Draw swords. 
Slope swords. 



Right prove distance. 

Slope swords. 

Front prove distance. 

Slope swords. 

Sword exercise. 

First division. 

Second division. 

Eyes right. 

Return swords. 

Front form line. 

Quick march. 

Close to the right of the left 

wing. 
Inwards face. 
Quick march. 



FORMATION FOR SWORD EXERCISE MOUNTED. 



From the right of threes to the 

front, File. 
March. 
Halt 

Right prove distance. 
Slope swords. 
Front prove distance. 



Slope swords. 
Sword exercise. 
First division. 
Second division. 
Front form ranks. 
March. 



OFFICER S SALUTE. 



The Officers to be formed in line at four paces di%\.ttii\> I'ram 
each other, "Standmg at ease " with the point o£ t\ie svf ox^Vy«^t^\ 
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between the feet, the edge to the right, and left hand covering the 
right. 

Attention — -Cany swords. 

Keab Bank take open Order — "Recover swords" and 
move forward an oblique pace to the left, so as to be placed in 
front, and just clear of the second File. 

March — Advance three paces to the front, and bring the 
sword to the " Port," the blade being diagonally across the body, 
the edge upwards, and arms nearly extended; the left elbow bent 
with the hand as high, and in front of the shoulder; holding the 
blade between the forefinger and thumb, the knuckles to the front, 
and elbows close to the side. 

Present Arms — "Recover swords" at the second motion of 
the carbine ; and at the third motion lower the sword (to the full 
extent of the arm) to the right, with the edge to the left, and point 
in the direction of the right foot, the elbow close to the side, at the 
same time raising the left arm as high as the shoulder, and bring- 
ing the hand round by a circular motion over the peak of the cap, 
the knuckles uppermost and fingers extended. 

Shoulder Arms — "Recover swords" at the first motion of 
the carbine ; and at the second motion, " Port swords." 

Rear Rank take close Order — " Right face," and as the 
right foot is drawn to the rear, " Recover swords." 

March — Move back into the front Rank. "Front" and 
" Cany swords." 

The Salute on the march is to commence when at ten paces 
from the Reviewing Officer, the Officer on the right giving the 
signal to prepare the other Officers by raising the fingers of the 
left hand two paces, previous to saluting ; the sword is then raised 
by extending the arm to the right, and by a circular motion 
brought to the Recover; and continuing the motion to the right 
shoulder, from whence the sword is lowered, and the left hand is 
then gradually raised over the peak of the cap in the manner before 
directed. The time for completing the salute is six paces, com- 
mencing with the left foot, and may be divided (for Drill practice) 
as follows: — ^First pace, the sword raised to the right; Second 
pace, to the Recover; ITiird pace, to the right shoulder; Fourth 
pace, the sword lowered to the right; Fifth pace, the left arm 
raised; Sixth pace, hand brought to the peak of the cap. 

The head should be sligntlv turned towards the Reviewing 
Officer, whilst passing him, ana having done so six paces, and 
given the signal (&b l^fore) " Recover swords " at one pace, and 
in "Port" the following pace. 

The same time is given for the Salute when mounted Twhich 
is to be completed in four motions) but the sword should tnen be 
kept in a line with the knee. 

On the march, or when manceuvring, the sword may be 
earned to the fuU extent of the arm, the guard of the hilt resting 
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upon the inside of the fingers, the back of the blade being against 
the hollow of the shoulder. 



SWORD. 
Bojal Artillery, New pattern. 



lb. oz. 



^-<^^' {Karf."^;i-::: ? S}^^- 



inches. 



I^'^gt^ {n^dle"!!;!;'.*.;*.*.!! T }33f inches. 

light Cavalry pattern of 1822, for Royal Horse Artillery. 

lb. oz. 

^'Ae^ {iLbteteei-.:: 1 1 l^i^-S"^ 

inches. 
I^^gth {H^dle'"///."'.!!'.!*. % }40f inches. 
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PART III. 

ORDNANCE, CARRIAGES, ETC. 



ORDNANCE. 



GUNS. 



Guns are distinguished from each other hy their metal, and 
weight of their shot. 

A Oun is divided into five pa/rts^ which are named CfUcahUj 
First Be-inforce, Second Be-inforce^ Chdse, Muzzle. 

The metal is made thicker towards the hreech than at the 
muzzle, to strengthen the piece, for the elastic force of the Gun- 
powder is there greatest, and diminishes in power as the space it 
occupies is extended. The metal is made thinner towards the 
muzzle to make the gun lighter. 

The Dispart is half the difference hetween the diameter of 
the Gun at the base ring and at the swell of the muzzle. By 
affixing on the muzzle a piece of metal equal to the height of the 
dispart, the line of sight will be made parallel to the axis of the 
bore, and therefore an object within point blank range can be seen. 
Howitzers, and some Gruns .which have a patch or projection on the 
upper part of the muzzle, have no dispart, the semi-diameter of 
the muzzle with the patch added to it being equal to the semi- 
diameter of the base ring. Iron Ordnance (JBloomfield's) are 
intended to have a degree and a half dispart, but the Founder is 
allowed two-tenths of an inch variation in casting Iron Ordnance, 
for any difference which there may be between the intended ana 
actual diameter of the base ring and muzzle. 

Light Brass Field Guns 12, 6, and S-pounders have a dispart 
of one degree, and Medium 12-pounders and d-pounders have one 
degree and a quarter. 

The Anale of Dispart is the number of degrees the axis of 
the bore would point above the object aimed at, when laid by the 
surface of the gun. 

Point blank Bange is when the piece is laid at the object 
without any elevation ; the plane and the axis of the bore being 
parallel to each other. ^ Its distance is measured from the muzzle 
of the piece (fired with the service charge of powder) to the 
first graze of the shot, or point at which it first touches the 
^ound. 

When a Shot ia fired from a gun, it la acted upon by three 
Forces : — 
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Ist. The explosion of the Powder, which urges it forward. 
2nd. The resistance of the Air, which tends to stop it. 
8rd. The force of Gravity, which causes it to descend. 

AVlien a Shot has heen fired from a gun one second of time, 
it has fallen 16^7 feet ; in two seconds, 644 feet ; in three seconds, 
144| feet ; and proportionally for every additional second.* For 
this reason, it is necessary to give a certain degree of elevation to 
a gun : as, for instance, should fAe time of flight of a shot be two 
seconds, the gun must he pointed 64^ feet above the object 
intended to be struck, because in that time it will have fallen 
tiirough that space ; therefore, the more distant the object is, 
the greater must be the elevation given to enable the shot to 
reacnit. 

There are three Modes of extending the range of a Shot 
without increasing the charge of powder, viz.: — 

Ist. By raising the piece to a higher level. 

2nd. By giving its axis greater elevation. 

3rd. By excentric projectiles ; recent experiments having shown 
that if the centre of gravity is placed directly above the centre of 
figure the range is greatly increased.f 

A Tangent scale is afSxed to the breech of Guns and How- 
itzers, by means of which the requisite elevation may be given, and 
the object seen at the same time. This scale has divisions, called 
degrees, marked on it, and it is placed in a groove at the breech, 
from which it can be raised (being £utened by a screw) to givid 
the necessary elevation. 

The divisions on the Tangent scale are found by multiply- 
ing the length of the piece in inches, from the base ring to the 
swell of the muzzle, by '017455, and the product will give the 
length nearly of each degree or division on tne tangent scale. By 
subtracting the dispart from this product, the length of the tan- 
gent scale above the base ring for one degree of elevation will be 
obtained. 

The Sights of a gun are two small notches marked on the 
upper part of the base ring(or on the to^ of the tangent scale) 
ana swell of the muzzle. Their situation is ascertained by means 
of a spirit level. 

The Line of metal is an imaginary line drawn along the sur- 
iajce of the metal between the two sights. 

The Line of metal JElevation is obtained by laying a Gun 
at an object by means of th^ sights, without giving any elevation ; 
from the thiclmess of metal at the breech, the line of metal eleva- 
tion varies from one to two degrees. 

The Centre of metal is indicated by a line drawn through the 



• ifote.— Vide «« Motion," " Forces," &c., Velocity, Qrttdty, mA Icm^- 
tude. 
f Tide "TmbJeg," "Exoentrie Shot, Experimenta;* 
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uppermost point of the base ring and swell of the muzzle ; and is 
ascertained by means of a spirit level. 

Windage is the difference between the diameter of the bore, 
and that of the shot. The windage formerly allowed, was one- 
twentieth the diameter of the shot, but it is now reduced con- 
siderably ; (Field Guns having only one-tenth of an inch) and 
this diminution of windage is very beneficial, longer ranges being 
obtained with the same charges of powder, and also greater pre> 
cision of fire. 

The Venty for every nature of Ordnance, is two-ninths of an 
inch in diameter. 

touching a gun is fixing a pure copper vent into it ; which 
is done by drilling a hole in the piece, where the vent is usually 
placed, about one inch in diameter, and screwing therein a piece 
of wrought copper with a vent of two-ninths of an inch through 
the centre of it. 

Tertiating a gun is examining the thickness of metal, 
whether the bore is perfectly straight, the trunnions properly 
placed, &c. It is performed by means of calliper compasses, and 
other instruments. 

Quadrating a aun is ascertaining if it is properly placed on 
its carriage, and if tne wheels are of an equal height. 

A Gun is honeycombed when the surface of the bore has 
cavities, or holes in it. 

The Length of a gun is ascertained by measuring it from the 
rear of the base ring to the face of the muzzle. 

The Calibre of a gun is the diameter of the bore. 

To find the Length of a gun^ in feet and inchesj its length in 
Callhres being known — 

Divide the product of the number of Calibres and the dia- 
meter of the bore, in inches, by 12, and the quotient will be the 
lengdi in feet and inches. 

To find the Number of calibres in the Length of a gun. 

Divide the length of the gun in inches by the number of 
inches in the calibre. 

Oun metal is a compound of 8 lb. or 10 lb. of tin, to 100 lb. of 
copper. The property of tin being to harden, the largest propor- 
tion (10 lb.) is used for mortars, they requiring a greater degree of 
hardness than guns. 

Ordnance cast of gun metal are generally designated Brass 
Ordnance. 

Brass Guns are used for field batteries, they having been 
considered preferable to iron for the service, being lighter than 
iron guns could be cast of the same calibre, without risldng their 
bursting. 

Brass Chins are, however, soon rendered unserviceable by 
repeated and quick firing. 

^rc?n Ouna are better adapted foT \)a\^An«« \iv ^<& QieuBAV or 
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defence of towns or fortresses, and also for service on board ship ; 
bein^ less expensive than brass, and better able to sustain long- 
continued ana rapid firing. At the siege of Badajoz the firing 
continued for 104 hours, and the number of rounds tired from each 
24-pounder averaged 1249 ; at the Siege of St. Sebastian, each 
piece fired about 350 rounds in 15} hours. None of these guns 
were rendered unserviceable ; but three times the number of brass 
guns would have been required to produce the same effect, or main* 
tain such long, and rapid firing. 

Service Charges of powder. 

For heavy guns . . . J the weight of the shot. 
For light do. ... J do. do. 

TTie Point blank range of Iron 32, 24, 18, and 12-pounder8 
with solid shot varies from 380 to 260 yards; from which to 1200 
yiuds, every J degree increases the range about 100 yards ; and 
fix)m 1200 to 1500 yards, every J degree increases the range about 
50 yards. 

The Point blank Bange of Brasa^ Medium 12, 9, and Heavy 
6-pounders, with solid shot, is 300 yards, and from which to 700 
yiurds, every J degree elevation increases the Range 100 vards; 
from 700 to 1000, every J degree increases it 75 yards, and from 
1000 to 1200, every J degree increases it 50 yards. 

The Point blank Bange of Brass j Light 12, 6, and 
3 -poundere is 200 yards, from which to 600 yards, each J 
degree increases the Range 100 yards, and from 600 to 1000, each 
i degree increases it 50 yards. 

Jfote.—VoT Weights, Dimensions, Banges, Charges, &o., -ride Tables, 

HOWITZERS. 

Howitzers are a short description of Ordaance, either Brass, 
or Iron, and are used for projecting Shells. Their principal advan- 
tages are that they can be more easily loaded, and are considerably 
U^ter, in proportion to their calibre, than Guns ; and they also 
may be used as Mortars. They have no dispart, the diameter of 
the base ring and swell of the muzzle being equal, except in tho 
24 and 12-pounders ; which, however, are provided with a patch 
to make up the difference. 

Millar's Hoioitzers differ from the old pattern in the in- 
creased length, being from six to ten calibres ; and in the conical 
form given to their Chambers (called Gomer) which are the 
frustrum of a cone, terminating in an hemisphere. 

Note. — ^Yide Tables for Weights, Dimensions, Banges, Charges, &c. 

CABRONADES. 

A Carronade is a short piece of Iron Ordnance, m\^ «h\cM5^ 
under the reinforce instead of trunnions. Its conBtnicUoii \& TiidXi^- 
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rially different to that of gnns; having a chamber; a part scooped 
out inaide the muzzle forming a cup; also a patch on me reinforce. 
They take their name from the Carron Foundry, (where they were 
first cast for theNayy in 1779,) are considerably lighter than Guns 
of similar calibres, and are fired with charges of about one-twelfth 
the weight of the shot. 

Carronades are chiefly used on board ship, but occasionally in 
casemates, and retired flanks of fortresses. 

The Highest Charge is one-eighth the weight of the shot. 
The Lowest Charge one-sixteenth do. do. 

Hote, — For Weights, Dimeiuions, Banges, &c., vide Tables. 

MORTARS. 

Mortars differ from Guns in the construction of their bore, 
and also in their form, which is considerably shorter, the metal 
being much thicker, and the trunnions being at the extremity of 
the breech. 

They are used for throwing Shells into a town, or battery, 
setting fire to and overthrowing works, blowing up magazines, and 
breakmg through the roofs of barracks, casemates, magazines, &c. 
They are distinguished from each other by the diameter of their 
bore. Their chambers are in the form of a frustrum of a cone, in 
which the powder is more concentrated; the Shell fits close to the 
sides of the piece, and thereby receives the whole force of the 
expansion of the powder. The greatest Charges their chambers 
wiU contain, and the corresponding Ranges, are as follows: — 

13 inch 10 inch 8 inch 

Land Service. Land Service. Land Service. 

Greatest charge... 9 pounds. ... 4 pounds. ... 2 pounds. 

Greatest range . ...2706 yards. ... 2536 yards. ... 1726 yards. 

When Mortars are used in firing on Inclined Planes^ up or 
doum hiUy should the inclination be considerable, take half the 
angle it makes with the horizon, and add it to, or subtract it from 
46 degrees (which is for a medium plane) and it will give tlie 
greatest range upon the required plane. 

Note^ — ^Vide Tables of Dimensions, Weight, Charges, Ranges, &c. 

VALUE OF ORDNANCE. 
BRASS ORDNANCE. 

Dependent on the market price of metals; at £100 per ton, 
after their combination, the value of gun metal is from 4 pence to 
4) pence per lb. 

IRON ORDNANCB. 

The value is variable according to the market price. Average 
fivm £14 to £16 per ton, according to ihe nature of the ordnance, 
the higher price being the value oi the smoSiet ^\^«%. 
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PBOOF OF ORDNANCE. 

All natores of Ordnance undergo seyeral kinds of proof before 
ihey are received into the service : — 

Ist. They are guaged as to their several dimensions, internal, 
and external; as to the justness and position of the bore, the 
chamber, vent, and trunnions, &c. 

2nd. They are fired with a regulated charge of powder, and 
shot, being afterwards searched to discover irregularities, or holes 
produced by the firing. 

3rd. By means of engines, an endeavour is made to force 
water through them. 

4th. They are examined internally by means of light, reflected 
from a mirror. 

ntON GUNS. 

The Guns are first examined as to their proper dimensions, in 
which no more than '3 of an inch variation is allowed ; and in the 
diameters of the bore only "033 from 42 to 18 pounders, and '025 
from 12 to 6 pounders ; but in the position of the bore '6 of an 
inch out of the axis of a piece from a 42 to an 18 pounder, and 
'334 of an inch from a 12 to a 6 pounder is allowed. 

They are then fired twice with the charge in the following 
table, with one shot and two high junk wads, and examined with 
a searcher after each round. 

In this examination they must not have any hole or cavity in 
the bore of two-tenths of an inch in depth behind the first rein- 
force ring, or one-fburdi of an inch in depth before this ring. 

PBOOF CHABGES. 

Nature ...... 42 Pr. 32 Pr. 24 Pr. 18 Pr. 12 Pr. 9Pr. 6Pr. 3 Pr. 

^^'^S^^l 25 21} 18 15 12 9 6 3 

BRASS OUNS. 

From 3 to 12 pounders the diameter of the bore must not vary 
more than '025 of an inch, nor in any dimensions more than '2. 

PBOOF CHABOES. 

Nature 12 Pr. medium. 12 Pr. light. 9Pr. 6Pr. 3 Pr 

Charge 41b. 4 lb. 31b. 2 lb. lib. 

The 12 pounders are fired twice, the remainder three times. 
Any hole '15 of an inch upwards, or sideways in the bore, or '1 in 
the bottom, between the breech and first reinforce *, or '^ o? -m^. 
inch upwaids, or sidewajs, or '15 in the bottom of tlie\)OT^\ifeW^ 
ihe Bjvt reinforce ring, will he sufficient to condemn. V^em.. 
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HOBTABS, AND HOWITZEBS. 

The exterior dimensions are in no respect to deviate more than 
•1 of an inch in the 10, and 8 inch Howitzers, and "05 of an inch 
in the 24, and 12 pounder Howitzers, and Kojal and Coehom 
Mortars, and Howitzers. Their bores and chambers must not 
deviate from their true diameters, or positions more than '025 of 
an inch. 

PBOOF CHARGES. 

The Brass Mortars, and Howitzers are fired twice with their 
chambers full of powder, and an iron shell. The Mortars on their 
own beds at an elevation of about 75 degrees, and the Howitzers 
on their carriages at an elevation of about 12 deffrees. The Iron 
Mortars are proved with a charge equal to the rail chamber, and 
a solid shot equal in diameter to the shell. Royal or Coehom 
Mortars, and also 24, and 12 pounders, or Royal Howitzers, having 
a hole of '1 of an inch in depth in the chamber, or '15 of an inch 
in the chase are rejected. A hole '15 of an inch in depth in the 
chamber, or '2 of an inch in the chase is sufficient to condemn the 
10, and 8 inch Howitzers. 

CABBONADES. 

The bores, and chambers of Carronades must not deviate 
more than '05 of an inch from their true dimensions, and posi- 
tions. 

PBOOF CHABOES. 

They are proved with two rounds, with their chambers full 
of powder, and one shot and wad. A hole of '2 of an inch in depth 
in the bore, or '1 in the chamber condemns the piece. 

WATEB PEOOP. 

AU Ordnance^ after having undergone the before-mentioned 
proofs, and the subsequent searchings, are subject to the Water 
proof. This is done by means of a forcing pump, having a pipe 
or hose fitted and secured to the mouth of the piece, and a plug to 
stop up the vent. 

After two or three efforts to force the water through any 
honey-combs or flaws, which there may be in the bore, they are 
left to dry, and generally the next day examined by light 
reflected from a nrirror. If the bore should contain any small 
holes or flaws, which have not been discovered by the former 
proofs, they are very readily found by this, as the water will con- 
tinue to weep or run from the holes, afl»r the solid parts of the 
bore are perfectly dry. 

ff^Aen a gun bursts in prowng, the remainder in proof at the 
^June time are snlgeeted to anotbei pxool iwjcajSL 



PABT ni.] OBDNANGE. 51 

Ordnance condemned^ for any of the foregoing reasons as 
unserviceable, is marked as follows: — 

D X for faulty in dimensions. 

S X by Searcher. W x by Water proof. 

Condemned Shells are thns marked: — 

F — for Fuze hole faulty. 

N X for Non-concentric. W x for Water proof. 

INSTBUCnONS FOR THE CABE AND PRESERVATION OP 

IRON ORDNANCE. 

Great attention should be paid to the care and preservation 
of iron Ordnance when in Depot or on Service, to prevent the 
irreparable injury Guns sustain from rust and corrosion. 

With this view the first step to be taken is to clear their 
bores and exterior surfaces from all rust and dirt, which is done 
on the inside with circular Spring scrapers, fixed on the end of a 
long shaft or handle, these scrapers are made to press strongly on 
the sides of the cylinder, and by being drawn backwards and for- 
wards by two or three efl&cient labourers, will remove the rust, 
and if not in a very bad state, will restore a regular smooth sur- 
face ; the bottom or end of the bore is also scraped with a tool for 
that purpose, and the vent is opened by passing a square steel 
rimer oi its diameter through it, gently turning the tool round 
until the vent is clear; after which the bore must be well brushed 
out, first with a hard round brush, and then with a Turk's-head 
brush, so that not the least dirt remains in it. This being per- 
formed, the first coat of lacquer may be laid on, to which when 
dry, a second is to be added. This is done with a conmion 

})ainter's brush, fixed vertically on the end of a staff sufficiently 
ong to reach down the cylinder: and the bottom of the bore is 
lacquered by another brush fixed horizontally at the end of the 
staff ; the outside or exterior parts of the pieces are also to be well 
scraped with an old sea-service sword, or steel tool of that nature, 
tolerably sharp, especially about the mouldings, where former 
coatings and dirt have accumulated, and when the rust will not 
give way, it should be slightly hammered, so as to loosen it. 
These operations must be continued until the whole coat of old 
paint, rust, or dirt, is completely removed, after which the dust 
must be well brushed or rubbed off, and the piece will then be fit 
to receive its first coat of anticorrosion, to which, when dry, a 
second is to be added. 

Before the work is commenced the pieces should be arranged 
as nearly as possible in the places where they are to remain, as 
too mucn rollmg is apt to disturb the coating of paint, especially 
before it has gained sufficient hardness to be durable. 

The foUowing objecta also require to be paxdcuii&TVy «\X;^tA<^\ 
io — rig.: 

B 2 
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In skidding Gnns, &c., care must be taken that thej are laid 
under metal, so that their muzzles may be sufficiently inclined 
downwards to prevent rain or any moisture lodging, and the bores 
from time to time should be swept out, as dust or sand blowing into 
them and being suffered to remain would be very destructive ; nor 
should the Guns be ever stacked one over the other, if the space 
where they are kept is sufficiently large to admit of their being 
laid in single tiers. 

After the Ordnance is once got into a complete state of pre- 
servation, by following these instructions, very little trouble or 
expense will attend their being kept so, for a slight coat of anti- 
corrosion on the exterior, and a thin coat of lacquer in the cylinder 
every three or four years, is all they will require, provided they are 
every now and then brushed out as before stated. 

On coating the Guns, it may be found useful to let the 
painter mark on them the date, which will show how long it lasts, 
as this may differ at different stations, especially such as are 
exposed to much damp air, and it will afford the means of calcu- 
latmg the necessary demands of articles for this purpose at stated 
periods. 

The same rules are to be observed in the preservation of all 
iron Ordnance mounted on works, with regard to the application 
of lacquer and anticorrosion, and the precautions of keeping th<? 
pieces laid under metal, and frequently brushing out their bores, 
&c., as recommended in the foregoing instructions. 



MIXTUBE OF INGREDIENTS FOR COATING AND LACQUERINO IRON 

ORDNANCE. 

lb. 

Anticorrosion 40 

Black (Grant's) ground in 
oil 4 



lb. 

Red lead, as a drier 3 

Linseed oil, eallons 4 
INirpentine (spirits of) Pint 1 

This mixture, when well stirred and incorporated, will be fit for 
use, but, as by long keeping in this state it becomes hard, no more 
should be mixed than is required for present use. 

BLACK LEAD LACQUER, FOR THE BORE OR CYLINDER. 



lb. 

Black lead (Cumberland) ... 9 
Linseed oil, Gallons 4 



lb. 

Red lead 2^ 

Lamp black, or wad, oz. 4 



The oil to be boiled, and the paint to be well ground. This 
will keep. Great care should be taken in boiling the oil, as any 
damp falling in would cause an explosion. 

INSTRUCTIONS FOR LACQUERING SHOT, AND SHELLS. 

All Shot and Shells (including SViia^ivftll^ are first to be 
cleaned exteriorly by the machine or otYietwift^^ wi^ ^'tn %m(;^ «a 
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are found sufficiently correct and up to their proper guage are to 
be twice lacquered with the following composition, leaving suf- 
ficient time between for the coats to become perfectly dry and 
hard. The warmest weather is the proper time for this opera- 
tion. Ten labourers can examine, clean, and lacquer with two 
coats one thousand shot in a day, provided the weather be 
favourable. 

OOMPOSmON. 

Grant's black 40lb. Red lead 51b. Raw linseed oil 5 gallons. 

The red lead is to be ground into a part of the oil, in order 
that the whole ft the ingredients may be thoroughly incor- 
porated. 

TO BENDER ORDNANCE UNSERVICEABLE BY 

SPIKING, ETC. 

The most effectual method of rendering Guns unserviceable, 
or of no further use, is by removing one or both of the trunnions, 
which may be done bv striking it near its end with a sledge ham- 
mer ; or by firing a snot against it from a carronade, or howitzer, 
the muzzle of the piece being placed near the trunnion. 

Brass Ordnance may also be rendered unserviceable by firing 
whole or broken shot into the bore from another piece ; or by 
firing a shot against the chase, which generally bulges the metal 
within the bore. 

For spiking Ordnance^ two kinds of Spikes are used : — 

1st. The Common spike, which is 4 inches long, *27 inches 
in diameter at the head, and about '1 at the point. It is driven 
as far as it will go into the vent, and afterwards broken ofi* close to 
the gun. 

2nd. The Spring or temporary spike, which is '17 in diame- 
ter, and varies in length from 3'25 to 5*25 inches. It has a flat head 
to prevent its falling through the vent into the bore, and also a 
spnng about two inches in length, which extends from the point 
towards the head. In passing through the vent, this is compressed, 
but as soon as it is clear of the metal, it expands and cannot be 
withdravni, unless it is again compressed sufficiently to allow its 
being again drawn into the vent, which may be done by pressing 
a rammer head against it, provided the spring is towards the 
muzzle, which may be known bv a small notch cut in the head of 
the spike to point out its direction. 

A long spike with a soft point may be driven into the vent, 
and the end projecting into tne bore clenched; which, as well as 
either a common nail or even a wooden peg would answer as a 
temporary expedient if a proper spike were not at \iaxid.. ^Vo^xj^^ 
a momentary abandooment of the guns become \xivaNO\^QW<(ik^\)^ 
takuj^ awajr the cap-BquareB, elevating BcrewB, quoma, ^XiOcL-^S»%^ 
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or side-arms, tlie Enemy ^ill be prevented nsing them for some 
time. 

An artilleryman should, however, never forget that the guns 
are his standard, which it should be his pride and glory to defend 
to the last moment, never deserting them without positive orders 
to do so, or until the last glimmering hope of saving them is 
destroyed. But should the necessity of abandoning the guns 
appear imperative, then let the Artillerist remember that a parting 
shot (especially canister^ at the advancing columns of the enemy, 
may yet turn the tide of battle in his favour, ensure not only ms 
own safety, but also that of a large portion of l^e army. 

UNSPIKING ORDNANCE. 

If a gun has been spiked with a Coimnon steel spike, load 
with a charge of powder equal to half the shot's weight : lay a 
leader of quick match along the bore, and double shot the gun, 
introducing the shot, however, very carefully. 

By affixing a piece of slow match to the end of the quick 
match which reaches to the muzzle, the gun may be easily and 
safely fired. Should the spike not be removed, the operation may 
be repeated. 

When Brass guns have been spiked, it would be advisable, a 
day or two before making the above experiment, to scratch round 
the spike with a graver, and pour a few drops of Sulphuric, or 
Nitric acid into the circle, which, being repeated, will find its way 
down between the spike and the metal, particularly if the former 
is not perfectly round. When the gun cannot be unspiked by the 
above-mentioned operations, make a large fire round the breech to 
soften the spike, and after the gun has been gradually cooled, the 
spike may generally be removed by using the drill. 

When a gun cannot he unspiked, the only means of render- 
ing it serviceable is to drill another vent, about half an inch from 
the original one. 

To drill a new Vent will require about an hour per inch. 
Care must be taken that a very small drill is first used, and after- 
wards one rather less than the diameter of the vent, otherwise the 
vent will run the risk of being too much enlarged. 
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4-54 


4-60 
4.60 








15-67 


31 


4-ea 




10 








9Pr. 


7 S 


24-28 
21-4 
20- 


28 
25 


4-3 

1-a 


3 




4-11 


1-08 






E 6 


16-71 


17 




a 


B 


VW \ isS.\ 




ap». 




M-M 


21 


3-8fl 


a 


6 


\a.&fe\\-^^ 


/ 


/ 


' / 


""/ 


17 


a-ee 




• 


\a-«i 


\*«. 
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Lengthy Weighty Calibre, Charge, &c., continued. 





Nature of 
piece. 


Length. 


•s 


Calibre. 


Charge. 


Shot* 


Shell. 


ll 


1 


1 

OQ 


<M* 




4 

•-"O 


• 




ft. in. 




owt. 


inches, lb. o». 


lb. OB. 


inches. 


inches. 


H 


68 Pr. 


6 4 


7-9 


36 


8-05 6 


13 


7-96 


7-9 




42 


4 6 


7-8 


22 


6-84 


3 8 


9 


6-79 


6-72 


^ 


32 


4 


7-6 


17 


6-25 


2 10 


8 


6-2 


614 


O 


24 


3 9 


7-9 


13 


5-68 


2 


6 


6-63 


6-58 




18 


3 4 


7-7 


10 


516 


1 8 


4 


612 


6-07 


o 


12 


2 8 


7- 


6 


4-52 


1 


3 


4-47 


4-43 


• 

CO 

(A 


10 Inch 


6 


6 


40 


10* 


7 


7 


9-88 


9-8 




8 


4 


6 


20 


8- 


4 


4 


7-9 


7-82 


o 
H 






















13 Inch 


4 6 


4 


100 


IS- 




20 11 


12-88 


12-8 


CO 

pti 


13 


3 6 


2-8 


36 


IS- 




9 


12-88 


12-8 




10 


3 9 


4-6 


62 


10- 




9 8 


9-88 


9-8 


2S 


10 


3 9 


4-5 


41 


10- 




9 8 


9-88 


9-8 




10 


2 4 


2-8 


16 


10- 




4 


9-88 


9-8 




8 


1 10 


2.7 


8 


8- 




2 


7-9 


7-82 


• 

CO 


12Pr.§ 


6 6 


17 


18 


4-62 


4 


5 


4-47 


4-43 


to 


9Pr. 


6 


17 


13^ 


4-2 


3 


3 8 


41 


4-06 


e 


6 t 


5 


16-3 


6 


3-66 


1 8 


2 


3-66 


3-63 


CO 


3 S 


4 


16-4 


3 


2-91 


12 


1 


2-83 


2-8 


«l 


3 § 


3 


12.3 


2i 


2-91 


10 


1 


2-83 


2-8 


n 


1 


6 


29-8 


2i 


2-01 


6 


12 


1-99 


1-92 


• 
OQ 

00 ua 


32 Pr. 


6 3 


10-5 


18 


6-3 


3 


3 


6-2 


6-1 


5 N 


24 


4 8-6 


9-8 


13 


5-72 


2 8 


2 8 


6-62 


6-57 


o 
H 


12i 


3 9-2 


9-8 


6i 


4-58 


1 4 


1 4 


4-47 


4-43 


4| 


1 10 


4-8 


21 


4-52 


8 


8 


4-47 


4-43 


rai 


10 Inch 


2 3 


2-7 


12i 


10 




4 


9-88 


9-8 


5g 


8 


1 9 


2-6 


6^ 


8 




2 


7-9 


7-82 


g« 


^\ 


1 3 


2-6 


1: 


5-62 




7 


6-62 


6-57 


1 n o 


" 1 


1 


2-6 


4-52 

\ 


\ 


6 

\ 


4-47 


4-43 



^Medium, $ Long, * Shot for gjvma; €»WS\ftlQ«1^Lom^a«t%«B^.>bM^M^ 
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CAKRIAGES. 

Garrison carriages are made of oak, Trucks iron ; but in 
those situations which are not exposed to enfilade, the carriages 
are cast iron. 

8hip carriages. — ^The Brackets and Transoms are ehn, 
A^detrees oak, Tmcks elm. 

Field aun carriages. — AU Travelling carriages are now 
made entirely of oak. The Carriages, for the heavy-iron 12 and 
9-pounders with bracket-trail, and also for all heavy battering 
ordnance, are made of oak. Limbers have the axletree beds of 
oak ; Futchells, JSpUnter, or Sweeping-har^ of ash ; Footboards^ 
fir, or elm. Limber-hoxes have the sides elm, and the rest fir. 
Ring-tires are used for li^ht 3-pounders, and hand-cart wheels. 
Shafts are always made ot ash. Wheels have the Nave of elm, 
Spokes (12) of oak. Felloes (6) of ash. 

Sleighs are used for the conveyance of artillery, during the 
winter, in Canada.* The sleigh consists of a platform six feet ten 
inches long, and three feet ten inches wide, placed on runners six- 
teen inches high ; upon this rest two strong transoms, to which 
the brackets supporting the gun are secured. A box, distinct from 
the anmiunition boxes, is placed on each side of the gun, together 
capable of containing about thirty rounds of ammunition, and 
which serve as seats for Nos. 1, and 6. These boxes usually con- 
tain the shot, and small stores carried in the axletree boxes, as 
well as long reins foi: driving, when in single draught. The 
extreme breadth of the runners is three feet. 

Marchina order. — In marching order, the following stores 
and intrenching tools are on the aun sleighs ; two fitting ropes, 
one spare swingletree ; swords of Nos. 1, and 6 on front platform 
under breast of gun, claw hammer, wrench, and pincers; in 
sockets, two portfire sticks on right rear of platform. 

On No. 1 ammunition sleigh ; two fitting ropes, prolonge, two 
spare svringletrees, and sword of No. 3, on front part of platform ; 
carbines of No. 1, and 6, on front box ; spare sponge, and worm on 
platform right of boxes ; spare handspike on left side ; 4 spare 
traces between front, and rear boxes ; swords of Nos. 4 and 5 on 
platform in rear of boxes, covered by knapsacks of Nos. 1, 6, 5, 



* The recoil of guns on sleighs varies from four to five feet, when on rough 

S'onnd or in deep snow, to twenty or thirty yards, when on glare ice. In the 
tter case, it is of course necessary to send the ammunition sleighs further 
to the rcM* ; but the recoil may be considerably lessened by '<9\By^tv^«i«VQtsi2^ 
chain round each of the rannera. 

f loe of eiebt iaohea thick will bear with safety » irei^t ol \YVJb'^, 
(or aemdjr bah a ton) ou the square foot. 
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and 4. The knapsacks are strapped from off handle of off box to 
rear handle of rear box. 

On No. 2 sleigh ; felling axe, and two camp kettles, on front 
of platform ; sword of No. 2 on front box ; pickaxe in rear of front 
box ; four spades strapped to front of rear boxes ; four water 
backets strapped to guard irons of front box, two at each side ; 
swords of Nos. 7 and 8 in rear of boxes, covered by knapsacks of 
Nos. 2, 3, 7, and 8. 

DEPRESSION CARRIAGES. 

Of these there are two descriptions — 

Ist. Those in the batteries at Gibraltar. 
2nd. Those constructed for general service. 

These latter carriages are similar to common standing car- 
riages, excepting that they are about a foot longer, and the front 
transom is hollowed so as to allow of a greater depression, and has 
a bolt behind it for the end of the stool bed. There is also a skid, 
or transom, placed across the last step of the carriage, which has 
a thread in it for the elevating screw that supports one end of 
the stool bed. These carriages admit of a depression of 30°, but 
after every round the piece must be brought horizontal to load, 
which is done by taking out altogether the rear transom. De- 
preaawn Carr<made carriages diner from the common carriages 
in having their trucks in rear instead of in front. They are de- 
pressed by an iron segment of a circle, which is moveable in a slit 
in the trail, and which has holes in it about an inch apart, through 
which a bolt is to be placed to support it at any height, tiie inter- 
mediate depression bemg given by a screw. 



PABTin.] 

Weight of FiM Carriaga, Limber*, d-c. 
Spare wheels kre not incloded in the (bllowiDg Table of weights. 







Ij 


weight. 


Total. 






.«. qr., 11, 


.wt.q™.lb. 




18 Pr. Iron 






38 2 

la 1 a« 

7 1 10 

S4 


86 a 18 




CBTriage 








Store* 




18 Pt. Waggon 




24 

38 


s u 

1 ]3 

10 3 34 
7 a 17 

a a 17 

IS 

1 14 
3 23 


37 3 
















Slon. 




Bnas 
18Pt. Medium 


Gnn 


£4 


41 17 




Carriag, 

LimbS 








Stores 




12 Pr. Medium 
Waggon 




33 

IB 


4 3 2 
a 27 

8 3 2.1 


36 1 a 




















Stores, T«nl, &o. ... 




la Pr. Medium 
gpanwhoel 
Carnage 






8 a u 
e 1 11 


so 1 15 








Store. 




SPcnmdeT 


^■:::::::::::;::: 


32 


IS t 8 

8 17 

a a 35 

223 


... 














StOTBB 




9 Pounder 

Waggon 


Limber 


sa 
64 


8 1 21 
3 2 25 
2 27 
10 3 ai 
6 3 33 
3 2 B 


34 1 17 




Slorea 

K^s„ 




8lorei,t(! 




9 Pounder 


as- 






\ 


Sto™ 


14. 


s 


\ 



CABRUaBS. 



[pAXTin. 







it 


WdgM. 


TqUl. 




.^.qr.,lb 


™t.qni.lb. 


B Pr. Heavj 


Gun 

Carriage 


50 


13 1 

n 36 
8 M 
3 3 IS 

B 2.3 


36 B 11 






SlOTfa 


Waggon 




60 


3 3 IS 

227 

e 3 31 

3 2 G 


33 19 








Sto™ 


e Pr. He*vj 


£■=•.: 




11 S14 
7 8 U 
9 23 


28 2 20 


CsrriBge 


Stpra 


B Pr. Light 




«) 


1 27 

S I 18 
a 3 22 

2 23 


28 33 




Sidearm. 

Limber 


Slores ... 


e Pr. Light 
Waggon 


Ammunition 


100 


3 2 










6 3 11 
» 3 G 




Store. 


tlpare whf^cl 
Carriage 


LSf!.:::;::::::::::: 

SpaxeSWrw 




7 3 11 

1 4 


SO 9 96 


3 Pr. Hravy 




8 
70 


8 1 24 

1 10 

8 « 
2 8 U 

2 21 


26 8 IG 












Store. 


8 Pr. Hmtj 
Waggon 




70 
168 


S 3 14 

2 27 
8 3 18 
S 1 14 
3 2 2 


30 ) 26 






£S;.„s, 


Stores 



PAETm.] 



9 IS) 

7 a 11 V a 
7 3 aj 



Carriiigfl ,..., 
Shot, Iiletrc 



H in. Ho»it,«r 
nition 'Watfi^or 



Ti in. rt„»i.„ 
DitiQn Waggon 



10 3 3}. 38 



32 Pounder Brasa } 



34 Founder Brui 
Howitier 
Oen.MUIw'i 



34Poiin(lBrBra« 
HoKilier 
Ammumtioa ' 
Wsggoo 
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°| 


Weigbt. 


Total. 






cwt. qra.lb 


cwt.<in.Ib. 




12 Pr. Brass 
Gen. Millu't 




sa 


e 2 

83 

B 31 

3 2 BO 

2 23 


89 17 




CarriEge 

Side mm 




















12 Pr. BrU8 
HawitxBT 

W«ggon. 




36 
61 


2 37 
8 3 22 
B 1 12 

s ai3 


31 2 13 




Stores 








t^^^l:::::::::. 




Sft.CakmUl 
4f«» 




31 


4 3-18 16 

5 13l 

3 3 111 „ , „ 




Carriiige 

Liinl)er, Slora, &c... 

Ci 

Stores, Ac 




1 Pr. MouDtuu 
»rvi«Qmi 
d«i«B by two 
mules 


OUB 


72 






Four Bmall boies ... 

St"'^.*^ 


2 2 


""^ 




CBrried on tlia 
buki of 2 i>>ule« 


Two large baiea 


112 




2 8 1 




Forge Wagon 
n-ith 
loeken, &c. 


Limber 




8 8 
e 2 25 

1 2 18 

* 


21 11 








Anvil 

Smilh'i tools, Ac. ... 




Forge ™rt, i;a»iUrj. oompietti m- 
dudinR fnuue, Ac 




n 3 18 


11 a ift 














Store Limber 
CMTiagc _ 
B^ill cailridge 

(new paltem) 
Gen. kUlar's 






10 a 7 


IS 3 It 
















7 26 

a 21 

IS 2 27 
8 13 


34 S 7 




20 %u^ at 12 4 

30,000 Rounds 

2,000 Flinto A BoH» 




SlinelJirt 










Large Gyn 






2 3 25 


12 ai» 




Bloolui and Tacklei 




Common <V 






% % 1 


10 S 4 




B[»k. andTackio;... 








\l\ ^\6 


^ ^^ 1 la 


'l 


'^nttona Canisig^ 


(a4PoundCT>lloIl... 


\ 
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Nature of Carriage. 



o 
o 



^(S 



Weight. 



owt. qrs. lb. 



TotaL 



owt. qn. lb. 



DeTil Carriage fLarze carriage 
complete (Smdl Ditto 

s^ngW'gp" {S^r..:::::::: 

Large Pontoon TCarriage 

Carriage < Two pontoons . . 

Blan Rhard*8 y Appurtenances 

Small Pontoon ^Carriage 

Carriage < Five pontoons . 

Blanamurd's (^Appurtenances 

Small boat for (Carriage 

Pontoon bridge ( Wooden boat . . 

Baggage cart 

Handcart 

French cart 

Ball Cartridge cart 



28 2 7 
7 2 8 



I 



36 16 



18 
9 



26| 

1 l) 



27 1 27 



13 3 20 

9 19 

21 3 19 



} 



45 20 



9 
5 

7 



1 23j 



21 1 23 



7 6 

3 2 



1 



10 2 6 



9 7 

4 3 4 

6 2 13 

7 3 4 



Claas. 



WHEELS. 
Chins, Howitsers, &c. 



Diameter. 



feet, inches. 



Weight. 



cwt. qn. lb. 



QT Heatw 6-Pounder Wheels used by 
12-Pr. utm and Limber, by 9-Pr. and 
heavy 6-Pr. Gun carriage, and by 
heav^ 6^ inch, and 24-Pr. Howitzer 
Carnage 

or lAaht 6-Pr. Wheel, used by Limbers 
of the above, and by light G-Pr. heavy 
3-Pr., light ^ inch and 12-Pr. How- 
itzer carriage and Limber, and by 
Body and Limber of ammunition 
Waggon 

3 used by Light 3-Pr 

4 used by mountain Guns, &c 

24Plr. Gun and 10-inch Howitzer 

18 I Ditto 8-inch ditto 

Limber to the above 

Platform Waggon, hind 

Ditto ditto fore 

Devil Carriage^ hind 

Ditto ditto fore 

Sling cart, Ghm or Mortar 

Flanders Waggon, hind 

Ditto ditto fore 

Hftodcart 



per pair. 



4 2 4 



6 




3 3 


18 


4 


4 


2 1 




3 




3 


22 


6 




8 1 


12 


6 




7 




3 


10 


3 2 


10 


6 




6 1 


26 


4 




4 2 




7 




12 1 


18 


5 




6 1 


26 


6 


6 


8 3 


10 


6 




3 3 


18 


4 


% 


V ^ ^ 


*» 


4 


4 


\ ^ 


"1 



■A 
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CARRIAGES. TRAVERSING PLATFORMS. [PART lH. 



Weight of Carriages for Iron Ouns, Heavy SowitzerSf dhc^ 
also Weight of Traversing Platforms. 





Travelling. 


Gkurrison, with 
Tracks, &c., complete. 


Traversing 
Platforms. 


Nature of 
Ordnance. 




























Gun 
Carriage. 


Limber. 


Wood. 


Iron 


• 


Wood. 


Iron. 

cwt. 




cwt. qn. lb. 


cwt. qr8.1b. 


cwt. Qrs. lb. 


cwt. qrg. 


lb. 


cwt. 




r42Pr. 






16 3 13 


26 1 




23 


51 




32 






16 1 2 


23 2 




23 






24 


23 3 25 


7 1 27 


13 2 23 


21 2 




19 




9 


18 


18 1 26 


7 1 27 


12 3 1 


18 3 


19 


19 




O 


12 


12 22 


6 11 


11 2 7 


17 


16 


19 




9 


11 2 6 


6 11 


10 1 13 


16 1 


7 








6 






9 20 


14 


19 








L 3 






6 1 24 










.; 1 flO in. 


31 2 9 


7 1 27 


16 


25 1 


6 






Ill 8 


24 1 13 


7 1 27 


14 


18 1 


18 






11 2 23 


6 10 




15 1 


24 












Block TraU. 










• 


resPr. 

42 
32 






17 2 26 

10 1 21 

8 3 24 


11 3 








1 ' 


24 
18 






7 3 21 
6 3 20 


10 3 
9 2 


20 
10 






o 


.12 






6 1 


8 1 


12 




1 



Nature of 
Ordnance. 



Jre8 Pr. 
• J 66 Pr. 
1 8 in. I 
/ LS2Pr.l 






cwt. 

112 
98 
65 

66 



Carriages, 

Ghtrrison, 

Wood, 

Sliding. 



Dwarf traversing 
Platforms. 



Wood. 



Iron. 



cwt. 


qn. lb. 


cwt. qrg. lb. 


16 


26 




18 


2 22 


31 1 26 


13 


1 


26 21 


12 


1 23 


26 21 

\ 



cwt. qn. lb. 



52 
62 



6 
5 



Common t ?»»tfonM, ; 



Wood. 



Common. 



cwt. qn. lb. cwt. qn. lb, 



\ 



13 
13 



3 11 
3 



26 
26 



1 
1 



2 
2 



PABT nL] TSD0K8, UOBTAS BEDS. CS 

Weight taut XHmenaon* of Trvekt, for Land Strvke. 



1 Pora. 


DEunBler. | 


of . Diimetw. 


11 


Welfbtof 


Ili»mEWt. 


lii'?S£- 


Truok. 


Hole- 


Trurt, 


Hol«. 


n. ta. 

MPr. 1 7 

aa 1 7 

M 1 T 
18 1 T 
Ifl IT 
g IT 

8 16 


1-1 
7-6 
fl-E 

e-5 
e-ft 

0^ 

6'6 


6 

a 

fi 
e 

5 
5 
4 
4 




3 20 
3 1 26 
2 1 36 
2 1 28 

13 4 




7-6 
7-5 

6-5 
6'6 

BE 
fl-S 


< 


5^201 

; , 1 2 5 

J ' 1 2 B 
6 1 1 1 B 



WeiglU and Dimennom of Mortar Bed*. 



"ia-.ir 


W«^t. 




Lmgth. 


BiadCfa. 


B«ght 


13 Inch . . Iron 

10 Inch . . Iron 

8 Inch . . Iron 

U Inch . . Wood .... 

^Inch..W(«d.... 


^^ T 23- 
16 1 IB 
7 8 27 
1 10 
3 6 


!? 

3 3 

2 7 
2 5 


8 1 
3 1 
1 8 


1 7 

1 8 

9 



'ffl-sir 


■Wdghe. 




Length. |Bre.dUi. 


HdgU. 


13 Inch.. Iron 

10 Inch . . Iron 

8 Inch . . Iron 


17 a 16 
8 3 3 


(1. In. 

e 1 

8 3 


1? 

3 1 


IT 

t 3 



The Br»aui ud LaigOi o/wb Bod ■» meuored Erom (lie n)^«m(k«k 



PART IV. 

RANGE, EUIVATION, ETC., OF BBA8S ORDNANCE. 





m^l> BBOT. 


COM-Ol. e*BH SHt/P. 1 






Med.ia 


„. 


L,ghtl2Pr. 




Ued WPr 












D 




Elnatioi. 


9Pr. 


6Pr. 






LoogflPr. 




B^SFr: 








a.Br«a. 


T^a. 






ynTit. 


djgrsDs. 


j»rd«. 


jara». 






300 










'ISO 






i' 


iOO 








1 




135 




\ 


sa 






400 


\ 


»»0 


160 












1 


E2E 








7U( 








1 


£50 


300 






776 






650 


u 


876 






ji 


860 








U 




250 




fl86 






750 


' l| 


335 
















800 




360 


300 




3i 




OS) 






850 










Si 




100 






900 










f 




ISO 

ao« 






1000 










3i 




















S! 




300 


















350 






11 ao 










4 




400 
















M Ft HowltiB, 




121 


r Howit«r 


^ Id. Honltur. 




Oluige il IbT 




^ 


iig/u lb.'' 


Heoij 1 Lidht 
Jlb.CftiVs.llb. 




Com. ShelR 


C 


c-.. 


Com. 8 


rita. 


C.C»M. 


Com, Sheila. 




jl 


1 


1 


|l 


T 


s 


1 


T 


i 


1 


u 


1 


i 




df . 




'mo 

300 


1 


1?6 


ii 


li 


■a 

4B0 

100 




i 


1 


«>0 


ISO 

300 
4S0 

rso 




U 


U 








) 


9\ 




11 












I) 










1 






li 








DM 




It 


ai 






32G 


41 




11 






isaA 


lOSO 












360 














135d iiso 1 




!i 


St 




21 




■ 1 


ti 










iiso ixn 








•n 




1 












leso 1 iisa 




il 


H 


HU 






\ 


6i 


1^ 






!i 




i3ao 




1 


rt 
?* 


li 






I 




nod 












/ 


J 


_ 








t 


1 


IISO 




\ 


^ 
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Bnnytt, Ekvatioit, Se^ of 8->ne& Mtneiiter. 



«"-"»-»' ll ■&"■ 


Biwobt* FWi«. 1 


1 


1 


ll 


amp. 


1 


ii 


till 


1 


1 


lb. liich«. 


deg. 


IHdfc 


IncheL 


deg. 


lb. 


"-■ 


,«d.. 


InchM. 


4 


■a 




IfiO 

(too 






1 






■3 




1 


9-5 


1(»1 


■86 
























-66 
■fi 


s 


BOO 
lOSO 


■7 
■0 


si 


1'6 
2 


8' 


uoo 


■B 




■96 






1-1 






fi-6 


HlKt 


■76 




1-1 




1360 


1-35 


flf 


f. 






1-a 




1-3 


7 


16O0 


1-e 




a-25 


MIX) 


!■ 








1800 
















1-76 


fi 






1 


3*5 


117" 
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8 Inch Oun. 

Length, 9 feet; Weight, 66 cwt.; Height of gun above 
the pume, 5 feet 7 inches. 
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Solid 



lb. 
10 
10 
10 
9 
9 



Degrees. 
P. B. 
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Yftrds. 
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KICOCHET FIRING. 

1. When adopted in the field, the guns should seldom be ele- 
vated above 3 degrees, as the objects nred at are generally cavalry, 
and infantry, and the lower the angle the longer will the shot pre- 
serve its force, and have effect. 

2. In the ricochet of a fortification of any kind, the elevation 
should seldom exceed 10 degrees to throw the shot over the para- 
pet a Httle hi^er than the level of the battery ; and, on the wnole, 
the best elevation to enfilade a work is nx>m 6 to 9 degrees 
measured above the crest of the parapet with corresponding 
charges. 

3. The charge, and elevation being known for any range, when 
the gnn and parapet are on the same level, the same charge, and 
elevation may be used so long as the difference of level does not 
exceed one twentieth of the horizontal distance between them, 
the elevation being given by the tangent scale, and the gun laid 
at the parapet, whether above, or below its own level. 
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PTOtiieal rvlti. 

To find the ChaTgefor a given Bange at 45° eUvaluni. 

1 3 inoA Mortar.— To the range, in yiirde, add half the range, 
tDoltiply the emu hj '03 for the charge, in ounces, 

10 ijich itfortor.— When the range is under 1350 yards, add 
to the range 1 SO, and multiply hy 02 ; and, if the range is orer 
1360 yanle, add one fifth of the range, and multiply by "02 for the 

8 inch Mortar. — To the range tn yarde, add 20, and the mun 



tiply by '06, for the ehaive, in ounces. 

H inch Mortar. — 1\) the range in jarda add 300, ood md- 

... . . =--- == . ■ Diridethe 

square root of the range, in feet, by 4'5 for the lime oi flight, in second*. 

To find lAe Sange, the Time of flight being given. Multiply 
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Chargu, 
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Bange^ cfec, of Iron Ordnance, 

BHBAPITELL SHELLS. 
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8 Inch Oun. 

Itengihf 9 feet; Weiehfc, 65 cwt.; Height of gun above 
the pume, 6 feet 7 inches. 



II 






Solid 



lb. 
10 
10 
10 
9 
9 



Degrees. 

P. B. 

lo 

lio 
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Ytrds. 
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BICOGHET FIRING. 

1. When adopted in the field, the gans shonld seldom be ele- 
vated above 3 degrees, as the objects nred at are generally cavalry, 
and infantry, and the lower the angle the longer will the shot pre- 
serve its force, and have effect. 

2. In the ricochet of a fortification of any kind, the elevation 
should seldom exceed 10 degrees to throw the shot over the para> 
pet a Httle higher than the level of the battenr ; and, on the whole, 
the best elevation to enfilade a work is from 6 to 9 degrees 
measured above the crest of the parapet with ooiresponding 
charges. 

3. The chai^, and elevation being known for any range, when 
the gun and parapet are on the same level, the same chaz^, and 
elevation may be used so long as the difference of level does not 
exceed one twentieth of the horizontal distance between them, 
the elevation being given by the tai^^nt scale, and the gun laid 
at the parapet, whether above, or below its own level. 



BANOES, Era [PAXT IV. 
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Pradieal nda. 

To find the Chargefor a given Baage at 45° devaiUm. 

1 3 inch Mortar. — To the range, in joidB, add half th« range, 
multiply the sum by '03 for the charge, in oonces. 

10 inch Mortar. — When the range ia under 1350 yards, add 
to the range 160, and mnltipty by 02 ; and, if the range ia over 
1360 yards, add one GiUi of the range, and multiply by -02 for ttn 

8 inch Mortar. — To the ranffe tn yards, add 20, and the mm 
multipHsd by "015 will eise the chai^B, in ounoes. 

5J tncA Mortar.. — To the range in yards, add 150, and mul- 
tiply by 08, for the cha^, in ounces. 

4f inch Mortar.— To the range in yards add 300, and mnl- 
tiplj by 06, for the charge, in drama. 

To find the Time oJfiig}it, the range being given. Divide the 

square root of the range, iq feet, by IS forUie time S flight, in socondi. 

Tofiiut the BaJige, the Time of flight being given. MultijJy 

the time of flight, in seconds, by 4'G, and square the product for 

the range, iu teet. 

.K'>)rf(A«&nyiAo/fuie,forapven range. MultiplythetimB 
of Bight, ia seconds, by 22, tot tte 13,aii4 \0 viic\ilfi.ot\a«,»ii4bT 
■24 lor 8, Si, and ^ bcli morlar«,ioTfee\«io^<A*aKi,'iii*«snSbfc. 
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Mortar Fractia; at 15°, 25', and 45'' Elevathi 
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MOBTABS. 
OreaUit Chargtt, and Batigei. 

lb. OL ;iU. 

18 Inch Sea 30 — 4200 

10 10 8 — 4000 

13 Inch Land 9 — 2900 

10 „ 4 — 2400 

8 2 — 2000 

9 — 1200 

, 4-6— 1000 

Distance from Iha parapet of a batter;, the pampet bei 
high, for Hortan at the following elenboaB : — 

Eleyation ,„ 45 ... 30 ... 20 ... 16 ... 10 degi 

Distance 12 ... 13 ... 21 ... 80 ... 40 feet. 
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PART V. 

STORES, IMPLEMENTS, COMBUSTIBLES, ETC., 

BBQUIBBD m BATTERIES.* 

BALLS, LIQHT. 

Light Balls are thrown from mortars at night, to discover the 
operations of the enemy's worling parties, &c. 
light halls hum from 10 to 20 minutes. 

Composition. 



Saltpetre, pulverized ... 6 4 
Sidphur, ground 2 8 



lb. OS. 

Bosin^ pounded.. 1 14 

Linseed oil, hoiled 7 J 



BALLS, SMOKE. 

Smoke haUa aire fired from mortars to suffocate the men in 
mines, &c., or t» prevent them continuing their work. They are 
also used to conceal manoeuvres,, &c., from an enemy. 

Smoke halla hum from 35 to 30 minutes. 

Composition, 



lb. OS. 

Corned mealed powder ...5 

Saltpetre, pulverized 1 

Sea coal 1 8 



lb. OS. 

Swedish pitch 2 

TaUow 8 



To conatriLct hoUow dobea^ or Cases for Light baUsj &c. 

The canvas, or paper, may he formed in the following man- 
ner, viz. : — With radius of half the intended calibre, descnhe the 
circle a b c d ^ Vide Figure 20 Practical Oeometry) and divide 
the same into four equalparts. From b with radius a b describe 
arc A E, from a with radius a b describe arc b e, and from e with 
radius e a describe arc a b. Eight pieces, as e a b, will form a 
ball nearly, the edges being brought close together. 

CABCASSES. 

Carcasses, a species of shell, are filled with composition, the 
flame from which is extremely powerfrd, and nearly unextinguish- 
able. They are much used m bombardments of'^ towns, setting 



* Farther mformation relstive to mixing the oomposlUoii, vniOL^SOosv^ Qom.<- 
bostibles, &o., &o., xnAr be obtained from the ** Aide ItLemoise,** "uxidAt ^i2&» 
hesd^ "Pyroteobnf, Military,'* 
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CARCASSES. 



[part V, 



fire to shipping, &c., and are discharged from gnns, mortars, and 
howitzers, similarly to common shells ; from which, however, they 
differ, in being made thicker, to enable them to withstand the 
intensity of fire ; and in having three or four fuze holes instead 
of one. 

Carcasses bum from 8 to 10 minutes. 

Common shells may be made to produce effects similar to car- 
casses, by filling them with a proportion of Valenciennes com- 
position, and bursting powder.; 



Car<M88 Composition. 

lb. oz. 

Saltpetre, pulverized 6 4 

Sulphur, sublimated 2 8 

Bosm, pounded 1 14 

Antimony, pounded 10 

Tallow 10 

Turpentine 10 



Valenciennes Composition, 

lb. oz. 

Saltpetre, pulverized 6 4 

Sulphur, sublimated 2 

Bosm, pounded 1 

Antimony, poimded 10 

Linseed oil, 6 oz. 14 drams. 



8 
4 



Weightj and Dimensions of Carcasses. 



■ 

Natnre of Carcass. 


Diameter. 


Weight empty. 


Composi- 
tion. 


Weight filled. 


lAiid Senrice. 
13 Inch 


Inches. 

12-84 
9-86 
7-86 
6-86 
6-1 
6-64 
5-04 
4*4 


cwt.qn. lb. oz. 
1 2 27 
3 6 4 
1 20 
1 14 
23 3i 
16 6 
13 12 
8 6 


n>i or.. 

17 14 
7 4 
2 14 
1 12 
1 4^ 
1 3i 
Hi 
7 


cwt. qn. Ibi os. 

1 3 16 14 

3 13 8 

1 22 14 

1 2 10 

24 8 

16 9i 

14 1\ 

8 13 


10 Inch 


8 Inch 


.42 Pr 


82 Pr ^ 


24 Pr 


18 Pr 


12 Pr 





B eiTm, BownzEBs, i 



IS Inch 

10 
8 

la v. fMediixm 
■ (light 
B 

„ rHMTT .. 

" ■■■■( Light .. 

iJia 



The ^BBjIonita tti. Table tadode «, a!lo»u»e bir Uia •ami, whlc 
rf Ow CHlndg* ■■ "i™>'o™.i»oJiC«rtiiilgeJiiii«aooItwoi)l«M.miidUi 
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FUZES, OLD PATTERN. 

Tlie wooden cases for holding the Fuze composition are 
made of well-seasoned beech. The interior diameter of the cnp is 
equal to three times that of the bore, and its depth is equal to 1^ of 
the said diameter. The thickness of wood at the bottom of the 
bore is equal to two diameters. 



Blind fire for Night. 

lb. 

Mealed powder 16} 

Wood ashes 9} 



Fvae composition. 

lb. OS. 

Saltpetre, pulverized 3 4 

Sulphur, sublimated 1 

Pit mealed powder 2 12 

Fuzes, being bored for Field guns, or cut to the length 
required for the range of Garrison guns, are made to fit the Shell 
correctly by means of a rasp and Cutter, after which they are 
carefully driven into the Shell with a mallet and setter, leaving 
only the cup of the Fuze out of it. The Fuze is uncapped when 
placed in the piece. 



5} inch Fuze bums 20 Seconds. 
4 do. do. 15 do. 



13 inch Fuze bums 40 Seconds. 
10 do. do. 36 do. 
8 do. do. 30 do. 

All natures of Fuzes, when driven with the above compositioii, 
bum one inch in five seconds ; but when driven with mealed pow- 
der, they bum two inches in the same time. 

BOX£R*S FUZE. 

The composition bore is made excentric with resard to the 
exterior, and two powder channels are bored upon that side in 
which there is the greatest thickness of wood.. A hole is bored 
through the mealed powder at the top, and into the fuze composi- 
tion ; to insure the ignition of the fuze composition £ram the 
priming. Two rows of holes, two inches apart, are made into the 
powder channels, and the bottom hole in each row is continued to 
the axis of the composition bore. The small side holes, with the 
exception of the bottom ones, are filled with pressed powder, and a 
small portion of putty. The powder channels contain rifle pow- 
der, and the bottom side holes have a piece of quickmatch placed 
jn them. Beyond this quick match, t^e powder . channels m the 
fuze for common shells are filled with putty, but in the Shrapnell 
fuze the corresponding portion contains quick match, which is 
continued from one channel to the other through a groove made in 
the bottom. A piece of quick match is tied into tiie cup, and it is 
recommended that this cmick matcti is laid over the side be&n 
the^ shell is set home.^ The borstiDg powder is contained in a tin 
cylinder, and is admitted through a hole M^ the bottom of the 
socket. There is a small ho\e m t\ie «id!& of the shell, throngh 
which ike balls, and compositioTi, whic\i. \& ron.'W^vi^^xL^SikKi^vKA 
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admitted. It is recommended that the bursting powder be placed 
in the tin cylinder before going into action, and tne plug coyered 
vriih. serge, inserted in the fuze hole. The bursting powder can 
be speedily removed from the shell, if necessary ; and, from its 
being separated from the balls, it will not be liable to injury, eyen 
when subjected to the action of trayelling. 

A simple boring bit is supplied to each gun, in case the borer, 
specially made for the fuze, is K)st, or damaged. 

Captain Boxer's 5^ inch fuses are to be adopted for all natures 
of guns and howitzers, one inch in length for Shrapnell shells, and 
two inches in length for common shells. 

FUZES, METAL. 

Fuzes, for the Naval service specially, are formed of gun 
metal, and are screwed into a gun metal bouched screw hole in 
tJlie shell. 

Metal fuzes are of three natures, viz., 3-inch, 4-inch, and 
short-range Fuzes. The first is driven with mealed powder, and will 
bum seven seconds ; the second is driven with mze composition, 
and will bum twenty seconds ; and the short-range frize is also 
driven with the composition, aad will bum two seconds. These 
fuzes are driven ana primed precisely the same as wooden fuzes : 
but, instead of being capped with canvas, have a screw metal 
cap. 

The fuzes are screwed into the shells, the holes of which 
are bouched with metal to receive them ; they are screwed in to 
i^e left hand, so that unscrewing the cap in the same direction 
prevents the posnbility of the frize being loosened by that 
operation. 

The diameter of the fuze holes for all natures of shells, fitted 
to receive metal fuzes, is exactly the same. 

A 3 inch metal fuze will bum seven seconds, and is calculated 
£Dr ranges not exceeding 1900 yards. A 4 inch metal fuze will 
bum ten seconds, and is not to be used at a greater distance than 
2400 yards. 

GREASE. 

The composition used for greasing wheels is composed of 
eqoal parts of tallow and coarse sweet oil melted together, and it 
is made up in kegs of 28 lb. each. In warm weather the proportion 
of tiJlow must be increased. 

GRENADES, HAND. 

A Land service Hand grenade weighs lib. 13oz., and may 
be thrown from 40 to 60 feet. The diameter of the Fuze com- 
position is *2 of an inch, length 2'25 inches, and weight 3 drams. 

Fu»e Composition, 

Saltpetre, B ib. 4 oz. ; Sulphur, 1 lb. ; Mealed powdet, II^j. VI o^. 
fti gervice the Qrenadea are charged with 1^ oz. oi "gQiTJ^w. 

G 2 
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GUN COTTON. 

Although there appears no prospect of Gun cotton being 
used in the British service as a substitute for Gunpowder, it is 
advisable that every Artillerist should be cognizant of its merits 
and demerits ; for circumstances may arise when this new impul- 
sive power may be advantageously employed. The exploding 
cotton is thus prepared : — Common well-cleaned cotton is dipped 
for about half a minute in highly-concentrated nitric acid (made 
by the distillation of ten parts of dried saltpetre, and six of oil of 
vitriol), and then instantly placed in water, which must be often 
renewed, in order to free the cotton from the acid with which it 
is impregnated. Care must then be taken that all the knotty 
particles of the cotton are properly disentangled, and that it is 
thoroughly dried. After the explosive preparation is ready for 
use, the smallest portion explodes when struck on an anvil with a 
hammer, like fulminating-powder ; when kindled with a glowing 
body, it takes fire just like gunpowder; and, when used in a gun, 
its operation, though in a far greater proportion to its weight, is 
similar to that of gunpowder. Gun cotton is employed m the 
same manner as gunpowder : a piece of it is rammed down the 
barrel, then a bit of wadding, and after that a ball ; a copper cap 
ignites and explodes the cotton. 

To Dr. Otto, professor of chemistry in Brunswick, we are 
indebted for the foregoing description oi the preparation of the 
explosive cotton ; and the intrinsic value of this impulsive agent 
has been ascertained by Major Mordecai, at Washington, in 1845, 
1847, 1848. The following are the results of this scientific offi- 
cer's experiments for the purpose of determining the fitness of 
Gun cotton, as a substitute for gunpowder in the military ser- 
vice : — 

1. Explosive cotton bums at 380* Fahrenheit, therefore it 
will not set fire to gunpowder when burnt in a loose state 
over it. 

2. The projectile force of explosive cotton, with moderate 
charges, in a musket or cannon, is equal to that of about twice its 
weight of the best gunpowder. 

3. When compressed by hard ramming, as in filling a fuze it 
bums slowly. 

4. By the absorption of moisture, its force is rapidly dimi- 
nished, but the force is restored by drying. 

6. Its bursting effect is much greater than that of gun- 
powder, on which account it is well adapted for mining ope- 
rations. 

6. The principal residua of its combustion are water and 
nitrons acid; therefore the barrel of a gun would be soon corroded 
if not cleaned after firing. * 

7. In consequence of t\ie q\\\ck[ie&% «xA mV^wraX.'^ ^f itg 
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action when ignited, it cannot be osed with safety in the present 
fire-arms. 

8. An accident on service, such as the insertion of two 
charges before firing, would cause the bursting of the barrel ; and 
it is probable that the like effect would take place with the regular 
service charges, if several times repeated. 

GUNPOWDER. 

The component parts of Powder are 75 parts of nitre, 10 of 
sulphur, and 15 of charcoal. 

Cylinder powder is made from charcoal that has been burnt 
in iron cylinders ; and Pit powder from charcoal burnt in common 
pits. 

Gunpowder^ when ianited, expands with a velocity of about 
5000 feet per second, and the pressure of the fluid is about 2000 
times that of common air. 

One pound of Powder measures 32 solid inches. 

A cubic foot of Government powder weighs about 58 
pofonds. 

Gunpowder is manufactured by reducing the nitre, sulphur, 
and charcoal to powder; they are then mixed, moistened with water, 
land again mixed in a mill for five or six hours, or until the mix- 
tare is as intimate as possible, for upon this the strength of the 
powder chiefly depends. 

When taken from the mill, the composition is put in a press, 
and formed into hard cakes about a quarter of an inch thick ; 
these, when dry, or nearly so, are broken by wooden mallets into 
small pieces, and reduced into grains by being put into sieves, and 
forced by means of a wooden roller through circular holes of the 
proper diameter. 

Ghod powder should be devoid of smell, and of uniform 
colour, approaching to that of a slate. The particles should be 
perfectly granulated, and free from cohesion. It should admit of 
being readily poured from one vessel to another. 

In powder that has become damp, large lumps are formed : 
should the damage, however, not be very considerable, these con- 
cretions may be reduced by drying the powder in a hot air stove, 
rubbing and loosening the grains ; but powder thus affected never 
thoroughly regains its lost strength. 

To test the purity of powder. — Lay a dram of it on a piece 
of clean writing-paper, and fire the heap by means of a red-hot 
iron wire : if the flame ascend quickly with a good report, leaving 
the paper free from white specks, and without burning holes in it, 
the goodness of ^the ingredients and proper manufacture of the 
powder may be safely inferred. 

Good powder blasted upon a clean plate of copper, should 
leave no track or mark of foulness. 

Powder exposed for 17 or 18 days to the ixAueTvcft ^jfl \!!aft 
atmosphere ought not to increase materially in 7je\g\it. OnaVxsDL- 
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dred pounds of powder ehoold not absorb more than twelve 
ounces : if it increase in weight more than one per cent., the pow- 
der should be condemned. 

Proof of Gunpowder. 

To prove the strength of large grain or common powder ^ 
2 ounces are fired from 8-inch Gomer mortars (at an angle of 45"), 
placed on stone beds, and so fixed as not to recoil. These mortars 
are loaded with shot weighing 68 pounds, and the average of the 
ranges, with government powder of Waltham Abbey, is 260 feet. 
Powder made of common pit charcoal will only project such a 
ball, under the same circumstances, about 220 feet ; and ^wder 
that has been re-stoved will only produce a range of from 107 to 
117 feet. 

A musket, charged with two drams of fine grained or 
muahet powder^ shoula drive a steel bullet through 15 or 16 hdf- 
inch elm boards, placed f of an inch from each other, the first 
board being set at 40 inches from the muzzle of the musket : with 
re-stoved powder, the bullet will only perforate from 9 to 12 of the 
boards. 

The quality of large grain powder is ascertained by its 
general appearance, its firnmess, glazing, uniformity of grain, and 
density. 

POWDER MARKS. 

The various sorts of Powder are distinguished by the follow- 
ing marks on the heads of the barrels : — 

L G Large grain. 

F G Fine grain. 

R A For rifle arms. 

L G Large grain. 

F G Fine grain. 

R S Re-stoved. 

Bed L G, or F G, denotes Powder of the best quality. White 
L G, or F G, is an inferior Powder for salutes, &c. 

POWDER BARRELS. 

Whole Barrels contain 100 lb., and Half Barrels 501b. of 
powder, whether fine or coarse. 

Dimeneiona ofJPowder Barrels, 

Whole barrek. Half barrels. Quarter barrels, 

inches. inches. inches. 

Depth 20i 16| 14 

Diameter at top... 15X 12^ 9^ 

Vo, at bulge 16i ISj loi 

Do, at bottom 15i I'ii H 
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BUDGE BARBELS. 

Weight of Barrel, copper-hooped, 10 lb., hazel-hooped, 6 lb. 

Di^nl™ \^ ^^^''}each barrel will contain 381b. 

BOXES TO C50NTA1N POWDER, CORRESPONDING TO 

THE BARRELS. 

External Whole boxes. Half boxes. Qmurter boxes, 
dimensions. inches. inches. inches. 

Length 16| 13i lOi 

Breadth 16i 13j 1(^ 

Depth 20J 161 U 

These boxes are lined with copper, tinned. 

HANDBARROWS. 

Length, 5 ft. 3 in. Breadth, 2 ft. Weight, 191b. 

HANDSPIKES. 

Length, 5ft. Diameter at top, 1*25 inch; Diameter at bottom, 
2*75 inches. Length of sqoare, 1 foot 9 inches. Weight of 
ten, 641h. 

There is a larger kind, 6 feet in length; weight often, 100 lb. 

LEVERS. 

Iron shod 4 0* Weight of 5 36 

Common 6 6 Do 54 

LIGHTS, BLUE. 

Blue lights are used for signals, &c., and will bum half a 
minute. 

Comjtosition, 

lb. oz. 

Saltpetre, ground 1 12 

Sulphur, sublimated 7 

BedOrpiment 2 

LIGHTS, HAND. 

Hand . lights are made use of to set fire to batteries, wooden 
buildings, &c. 

Composition, 

lb. OS. 

Saltpetre, pulyerized 6 

Sulphur, sublimated 3 

CjrJinder mealed powder 1 4 
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LIGHTS, LONG (OR STEVENS*). 

The compositioii is similar to that for blue lights. The 
cases are made of brown paper, and are of the same diameter as 
the one-pound signal rocket. The case is cut to the length of 9' 75 
inches, one end being perforated at an inch from the bottom to 
allow a wooden pin to pass through it, for the purpose of attach- 
ing the handle to the case. 

Two coats of paint are giyen to the cases. 

A long light will bum five minutes. 

MATCH, QUICK. 

Threads of cotton are put together according to the thick- 
ness of match required ; a proportion of saltpetre is put into a 
copper pan, with handles to which the ends of the cotton are 
fastened, and the cotton is coiled over the saltpetre. Water is then 
poured on the top, and the whole pressed oown with the hand, 
and placed over a charcoal fire and boiled until the water is nearly 
evaporated. Spirits of wine are then added, and the boiling con- 
tinued till nearly dry, when it is taken off. Mealed powder is 
then strewed over it, and it is left to soak for six hours, when it 
is drawn through the hand into another pan, and more powder 
added; and, after remaining six hours more, it is wound off on 
reels to dry, and powder is sifted over it through a fine hair-sieve. 
When dry, it is cut off the reel. 

Composition. 
lb. oz. 



Cotton 7 

Saltpetre 6 

Mealed powder ... 2 8 



Spirits of Wine... 1 pint. 
Water IJ do. 



MATCH, SLOW. 

Slow match is prepared from slightly twisted hemp rope, 
which is dipped in a solution of lime water and saltpetre. 

One yard bums about three hours. One skein, 36 yards, 
weighs seven pounds. 

During the Siege of Gibraltar, Slow match was thus made: 
— ^Eight ounces of saltpetre were put in a gallon of water, and 
just made to boil over a slow fire, strong blue paper was then 
wetted with the liquor, and hung to dry. When dry, each sheet 
was divided into two parts, which were rolled up tight, and the 
outward edges pasted down. Each half sheet would bum three 
hours. 

French slow match is made by soaking light twisted white 
rope in a solution of one pint of rain water, and three quarters of 
an ounce of sugar of lead. 

PENDULUMS. 

^ A Pendulum is readily made w\t\v a musket ball, and a piece 
of silk. The length of a Pendulum \b measwre^ ^th \W cat^Vc^ 
of the ball to the end of the loop on "wliiicb i\. «mxi^. 
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C Seconds 39*14 inches 

Length of Pendulums to vihrateK } Seconds 9*8 „ 

(I Seconds 2-45 „ 

To find the Length of a jpendtdum to make a given number 
of Vibrations, 

Rvle. — ^As the square of the given number of vibrations is 
to the square of 60, so is the length of the standard (39* 14 length 
for one second) to the length sought. 

Or, multiply 39* 14 by the square of the time required for 
the Pendulum to vibrate — viz., dv the square of i = J, for J 
second ; and by the square of 2 = 4 for two seconds. 

To find the Number of vibrational the Length of p&ndvlum 
being aiven. 

jStde. — Multiply 60 seconds by the square root of 39" 14, 
divided by the length of the given Pendulum. 

Or say, As the given length is to the standard length, so is 
the square of 60, (its vibrations per minute) to the square of the 
number required. 

PORTFIRES. 

Portfires are of four different natures — ^viz., Common portfires 
Percussion portfires. Miners' portfires, and Slow portfires. 

A common portfire is 16 inches long, and will bum fifteen 
minutes. 

Composition, 

lb. 

Brimstone, sublimed 2 

Powder, cylinder mealed 1 

Saltpetre, pulverized 6 

PORTFIRES, PERCUSSION. 

ComposUion. 

Brimstone, sublimed 4 

Powder, cylinder mealed 1 

Saltpetre, pulverized 8 

The percussion priming is added to these portfires at the 
stations wnere they are used f principally for the Coast Guard), 
and is simply a small glass globule, containing sulphuric acid. 
This is emoedded in loose composition, which ignites on the 
globule being broken. A percussion portfire will bum five 
minutes. 

PORTFIRES, miners'. 

Composition. 

lb. oz. 

Saltpetre, pulverized 8 

Sulpnur, sublimed 8 

Powder, cylinder mealed 1 

portfires, slow. 

Tie paper, which is called blue sugat-loai '9a"^T,\a -v^NXfi^ 
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bjjr dissolving 12 ounces of saltpetre in one gallon of water, wet- 
ting each sneet separately on both sides with a brush, one side 
being dried before the other is made wet. 

Slow portfires burn from three to four hours. 

Portfires were made during the Siege of Gibraltar in the 
following manner: — Two ounces of nitre were dissolved in a 
^lon of water, and sheets of soft brown paper dipped in the solu- 
tion ; these, when dry, were rolled up to about the size of common 
portfires. 

Portfvrea may he made by boiling square rods of lime, birch, 
or poplar, in a solution of nitrate of lead for six hours, (a quart of 
water to every pound of the nitrate ;) the matches are tnen dried, 
and afterwards Boiled in spirits of turpentine ; they are then wiped 
and dried. A yard of this match will bum three hours. 

COAST aUAKD PORTFIBES. 

Composition. 
Saltpetre 8 lb. Sulphur 4 lb. Cylinder mealed powder lib. 

QUOINS. 

Nature. Lengrth. Width. Thiclmess. 

ft. in. inches. inches. 

42 Pr 2 3 10-75 6-76 

32 „ 2 3 1076 6-75 

24 „ 2 9 9-5 6-76 

18 „ 2 9 9-6 6-75 

12 „ 1 11 926 6-25 

9 , 1 11 916 6- 

ROCKETS. 

There are two descriptions of Rockets : — 
1st. — Signal Bockets. 2nd. — Congreve Bockets, {Vide Part VI.) 

SIGNAL ROCKETS. 

Signal rockets are of two natures — viz., lib. and Jib. Rockets. 
They are fired from a tube, the ignition being effected by means of 
a percussion tube. 

Composition. 

. lb. 

Saltpetre, pulverized 4 

Sulphur, sublimed 1 

Dog-wood Charcoal Ij 

Composition for Stars of Bockets. 

lb. , lb. 

Saltpetre, pulverized 8 Sulphur, sublimed 2 

Antimony, pounded 2 Isinglass 3 oz. 8 drs. 

Cylinder mealed powder ... 1 Vinegar 1 quart. 

Spirits of Wine 1 pint. 

The bead of a lib. rocket contaVnB ^^ eXat%^ wA \Xia.t of th« 
iJb. rocket 24 stars. 
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SHELLS. 



Shells are hollow iron Shot, and are of Tarious descriptions, 



VIZ. 



Ist. — ^The ComToon sheUf with one fuze hole, nsed in the 
attack and defence of fortresses, &c., against shipping, and troo^. 

2nd. — The Carcass^ which has three fuze holes, is filled with 
hnming composition, and is used to set fire to towns, &c. 

3ra. — ^The Compound ahot^ which is filled with lead to in- 
crease the impetus of the shot, and the extent of the ran^e. 

4th. — ^The ShrapneU shellf which is very destructive when 
used against hodies of Cavahy, or Infantry, as it produces the 
same effect as common Case or Canister shot from guns 
howitzers, but at a much greater range.* 

SHELLS, SOLID AND HOLLOW SHOT. 

Weight, DimenHons, <6c. 



or 



Nature. 


Shells. 
Emptj. 


Borsting. 
Powder. 


SoUd 
Shot. 


Hollow 
Shot. 


Diameter 
of Shell. 


P . 


ri8 Inch 


lb. 
190 

86 

41 

14 
7 
31 

112 
82 
48 
48 
39 
30 
22 
14-6 
7 


lb. oz. 
6 8 
2 10 

1 14 
10 

6 

12 
6 8 

2 8 
2 

1 12 

1 4 

12 

10 

6 


lb. 
290 

230 
130 
68 
68 
66 
42 
32 
24 
12 


lb. 

112 
84 
66 


inches. 
12-8 
9-8 
7-82 
6-67 
4-43 
3-6 

11-86 
9-86 
7-88 
7-92 
7-61 
6-79 
6-20 
6-63 
4-64 




10 




8 


6i 


4* 


65 Ox 

• 

OD 

g ■ 


land Grenade 
ri2 Tnoh 


10 


8 


68 Pr 


66 


42 


32 


24 


112 



For common shells, the thickness of metal will in future he 
one-sixth of the diameter (high goage) ; and the weight will he 
nearly two-thirds that of a solid hall of equal diameter. The 
thickness of metal of Shrapnell shells will he one-tenth the 
diameter of the high guage, and the weight half that of a solid 
hall of equal diameter. 

SHOT, CASE OR CANISTER. 

The common Case or Canister shot consists of a number of 
balls packed in tin canisters of a cylindrical form *. t\ift \ieX\A\i^\\!^^ 
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of different weights according to the siie of the ^an. For field 
service the bulls ore cnunted into the case, and laid in tiers, but 
for other purposes thej are looselj thrown in till the case is filled. 
The top being soldered on, the botb:m of the tin case ia nailed on 
to the wooden bottom, and the heads of the nails are soldered. 
These shot should seldom bo used at a greater distance than 300 
yards, and even at that range they scatter so much as to be 
nearly unserviceable ; but at from XOO to 200 yards they are rery 
deetroctiTe. 
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STOOL BEDS. 
SATUBB. BEDS. BLOCKS. 

Lengtn. Breadth. Thickneu. Length. Breadth. Depth, 
ft- in. in. ft. in. in. in. 

42 Pr. 2-91 11 4-5 1 5 475 .... 9 

32 „ 2-91 10 4-26 1 5 4-75 9 

24 „ 2-83 10 4-25 1 4 45 8 

18 „ 2-85 9-5 4-26 1 3 4*6 8 

12 „ 2-86 9-5 4 1 3 45 8 

9 „ 2-85 9-5 4 1 1 45 8 

TUBES. 

Tubes are of five different natures — viz., Common quill, and 
Dutch or Paper tubes for exercise, and Detonating quill, and Brass 
tubes ; and Friction tubes for service. 

All tubes are guaged to two-tenths of an inch diameter. 

The pipes for the QuiU tvbes are 2^ inches long ; and the 
barrels of Dutch tubes are If inch in length.* 

Composition for Common tubes. 
Mealed powder, mixed with spirits of wine into a stiff paste. 

DETONATIHO TUBES. 

The quills of these tubes are cut to 2 j inches in length. 
Small, or pigeon quills, are also prepared for the arms to receive 
the detonating composition; these are cut to | of an inch in 
length ; and a small hole is bored in the centre to communicate 
the composition to the body of the tube. The body of the tube is 
filled precisely in the same way as common tubes. 

Composition for the Crosses^ or Arms, of Detonating tubes. 

grains. 

Chlorate of potassa 230 

Antimony 230 

Glass, finely pounded 73 

Brass tubes, common, are 3 inches long, and the cups, pre- 
vious to being stamped, are one inch in diameter. 
They are filled similarly to common quill tubes. 

FEICmOlf TUBES. 

These tubes are of copper, and are three inches in length. 
The detonating composition is inserted in a tin arm, into which is 
introduced and pressed down tight, by the sides of the arm, a 
piece of copper, grooved ; with a small ring to receive the cord for 
firing the tube, and gun. 



* The composition for French cannon tnbes is two parts of fhlmin&te ot 
mercnTj and two of mealed powder, mixed toffether : tYien.foTtGk!^'\si\Q ^i'^a&Xa 
with disiUled water, aUghUj impregnated wim gum axabic. 
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WADMILTILT. 
Length, 14 ft. 6 in. Breadth, 11 ft. 6 in. Weight, 60 lb. 

WOODEN BOTTOlfS. 

They are afiBxed to shot for brass guns to prevent the bore 
being indented in front of the seat of the shot by the first impulse 
of the powder : and are used for Shells, to keep the fuze in the 
centre of the bore. 
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PART VI. 

FIELD BATTERY EXERCISK* 

STAKDINQ DRILL. 

Section 1. Telling off the Detachments.^ 
Section 2. Poets of the Detachment. 
Art. 1. — In Action. 
No. 1. At the handspike. 
Nob. 2, 3. Ontside the wheels : with Howitzers rather in rear 

of the mnzzle ; with Guns in line with the front of 

the wheels. 
Nos. 4, 5. In line with the breech. 
No. 6. Five yards in rear of the left wheel. ^ 

No. 7. In rear of the Limber. •^ 

No. 8. Ten yards in rear of No. 6. 
No. 9. Four yards in rear of the limber. 

Art. 2. — In Order of March. 
No. 1. On the offside at the wheel horses' heads. 
Nos. 2, 3. In line with the muzzle. 
Nos. 4, 5. In line with the breech. 
Nos. 6, 7. In line with the azleiree of the Limber. 
Nos. 8, 9. In line with the splinter bar. 

Art. Z.—In Front. 

In line, ten yards in front of the leading horses. 

Art. 4. — In Bear. 

In line, two yards in rear of the muzzle of the Gnn. 
Art. 5. — ^In line with the gun axletree, one yard to the right or 
left of the wheel. 

Art. 6. — Mounted. 

* Bztraoted from " Jnatraciiota and Begnlations for Field Battexy Exer- 
cise and Movements " for tha BoyalBegiment of Aitillexy : the Sections, &o., 
being similarly nnmbered. 

Comnumder's Words are printed in Small Capitals. 

ExeoutiTe Small Print. 

Directions, io Malie$, 

t The Sections of which merely the heads are g^veii, oonni^ <^«A;9 ell ^»- 
ia£LB too long for the liinited sue of the Maawil, axud, thsy ura l3biBt<&it%'QMMk* 
sanfy^ amitteid. 
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No! I: On the Ul^*l0" *« &»"* "t&e Waggon body. 

No.- 8.- On &: lef *■ }0" *^« ^""^ "^ *« W^gg"" ^°<Jy- 
When there are 9 Men, No. 9 between Nos. 6 and 4. 

Section B. Change of posUum of deta^ihmenU. 
1. Form the order of march. 



2. Form the order of march. 

3. Detachments rear. 

4. Detachments front. 

5. Detachments right. 

6. Detachments rear. 

7. DETjtilHMENTS FRONT. 



No8. 1. Bight face. Double 
March. 

No8. 1. Left face. Double 
march. 

Nos.l. Rightabout face. Dou- 
ble march. Halt. Front. 

No8. 1. Double march. Halt. 

Nos, 1. Eight Tor left) face. 
Double marcn, front turn. 
Halt. 

Nos A. Bight about face. Dou- 
ble marcn. Halt, front. 

Nos. 1. Double march. Halt. 
Front. 



S. 4. Detail of Duties in the service of Ordnance. 

No. 1 Commands, and lays the Gun. 

No. 2 Sponges. 

No. 3 Loads, and serves ammunition. 

No. 4 Serves the vent, and primes. After the discharge 
he clears the vent with the drift previous to re- 
loading. 

No. 6 Fires.* 

No. 6 Serves ammunition. 

No. 7 Attends the Limber, and serves ammunition to No. 8. 

No. 8 Assists No. 7. 

No. 9 Attends the ammunition Waggon. 

CHAKOING BOXJND. 

No. 2 becomes No. 4. No. 8 becomes No. 6. 

No. 4 „ No. 9. No. 6 „ No. 1. 

No. 1 „ No. 6. 
No. 9 „ No. 7. No. 6 „ No. 3. 

No. 7 „ No. 8. No. 3 „ No. 2. 



* When QuDB are in action, and "cbasb mxsQ** is given, all Gum tfaon 
loaded are to be fired off, and on no accoxmt is aOunto be li]id)ered np^ or to 
utove whilMt loaded. 
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Exerdtt, with Seduoed Sianberi. 



S<M.St*>biai. 


Sutribgtlon at DntlH. 1 


1. • 
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a 


3 


4 


5 
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3,0 

J! 
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1,2,3,1,6.0.7 

1,2,3,^6,6,7,8... 



DISTANCES REQUIRED 

fir a Battery 0/6 Ovtu (4 luirtet to each Carriage). 

In Line, from muzzle to muzsle 15fardB. 

In ColumD of fioute 177 „ 

„ Sub-diTuioni 87 „ 

„ DiviBiouB 87 „ 

„ Half-batUrj 72 „ 

A Otm, or Waggon, with 4 Honea coven 11 jaiAa of grouni], 
from front to rear. 

For every addifdon&l pair of Horsea 4 jarda ahould b« 
added. 

A Battery of 6 Oudb, when limlieied up at tiill inteTvala 00- 
cnpies &om 

Bight to left 78 yardi. { Front to rear 26 yards. 

On each flont, 22 additional yards ahould be allowed. 
A Battery of 6 Guna, when unlimbered for Action, at full 
interrala, occupies from 

Eighttoleft 78 yards. I Front to rear 87 yards. 

The apace required for revernDg a Oun with 4 Horsee is 9 
yards, aJid for a Waggon about 8 yarda. 



A Hock, or Trul. 

B Cheeta, or Brackets. 

C Axlatree. 

DOgee. 

E Trannian holea. 

F Wheel 

PeUr. 
BSpokea. 

1 l^n. 



J Tire, or Streak. 

KBiveta. 

L Tire, or Streak bolts. 

a Eye, or Capaquare bolls. 

fa Caraquares. 

c Axletree bands. 

d Bracket bolts. 

Transom bo\la. 

t Tmnuion platea. 
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f Portfire clipper. 
Locking plate, 
i Trail plate bolt, 
k Trail plate. 
1 Trail plate eye. 
m Chain eye bolt, 
n Locking chain. 
Breast, or advancing chain, 
p Trail handles. 



q Handspike shoe. 

r Handspike pin. 

8 Handspike ring. 

t Axletree arms. 

u Dragwashers. 

V Nave hoops. 

w Elevating screw. 

X Handles of elevating screw. 

y Elevating screw box. 



Section 5. Method of performing the dttties of serving ord- 
nance. 

Section 6. Ranges. 

Section 7. Method of laying apiece of ordnance. 

Section 8. Limbering up. 
Fsoirr (reab, right, ob left) limber up. Halt: limber 

up. 

Section 9. UnUmhering^ or coming into action. 

To the front, rear, right or left. The reverse of limber- 
ing up. 

Section 10. Moving with the Prolonge. 
Pbepabe to retreat with the prolonoe. 
The battery will retire. 
Halt. 

Unhook prolohge. 



Nos. 1. 
Ri^ht about 

lace. 
Front 



Prepare to adyance with the prolokge. Nos. 3. 
Action. Drive on. 

Section 11. Mounting fidd ordnancCf with the materials 
belonging to the battery. 

SecSon 12. Dismounting fidd ordnance, with the materials 
belonging to the battery. 

Section 13. Shifting shafts. 

Section 14. Disengaging a shaft horse, when he falls, or is 
disabled in action. 

Section 15. Changing wheels, when the lifting jack is not at 
hand. 

Section 16. Shifting the medium 12 pounder. 

Section 17. To remove disabled field artiUery, 

Section 18. Exercise with Drag-ropes. 

1. A light 6 pounder with its limber requires 15 men, six 
.of whom are told off entirely for the drag-ropes, the other men at 
the gun also assisting in manning them : No. 9 is always in the 
shafts, and No. 8 at the point of the shaft, near side. A 9 
pounder requires additional men, and a double set of drt^-ropes. 

2. The drag-rope men are numbered off from 10 upward. Nos. 
10, 12, 14, are with the left drag-rope ; 11, 13, 16, with the ri^t; 
10, 11, carry the drag-ropes. 

3. The gun being limbered up, and the detachment and drag- 



PART YI.] FIELD BATT£RT EXERCISE. 99 

rope men in the order of march, at the word " Hook on." Nos. 
8 and 9 get into their places ; 10 and 11 move outside the gun 
detachments to the rear, and hook on to the gun drag-washers, 
parsing the end of the drag-ropes at once to the front. 

The Nos. then man the drag-ropes as follows : — ^Nos. 10, and 11 
outside, close to the drag-washer ; 2, 12, 3, and 13 the centre of 
the drag-rope ; 4, 14, 5, and 15 the front ; 6, and 7 the ends. The 
gun detachments inside, and the drag-rope men outside. No. 1 at 
the point of the shafts, off-side. At the word " Unhook," Nos. 
10, and 11 imhook, coil up the drag-ropes; and the whole then 
form the order of march. 

4. At the word " Action," whether to the " front," "rear," 
" RIGHT," or " LEFT," the drag-ropcs are at once quitted ; Nos. 10, 
and 11 unhook, and coil them up ; and the whole of the drag-rope 
men retire with the limber, forming in front of it two deep, as 
they were numbered off. In limbering up, the drag-rope men 
form the order of march, and wait for the word to hook on. 

Formation of a battert. 

A battery of Artillery is generally composed of six pieces of 
ordnance, to which a Company of Artillery is attached. The num- 
ber of ammunition, foi^e, and store waggons varies according to 
the nature of the ordnance. 

Section 19. Fitting of aaddles^ bridles, hameaa, &e. 

Section 20. Harnessing. 

Section 21. Carrying forage. 

Section 22. Instruction for Drivers. 

Section 23. Parade, ana inspection. 

The Battery, limbered up, is told off by sub-divisions, divi 
sions, and half batteries. 

One gun, and its waggon constitute a sub-division. 

Two sub^visions „ a division. 

Three sub-divisions „ a half battery. 

The battery is numbered from right to left by sub-divisions. 
It is then told off into 3 divisions. No. 1 the right ; No. 2 the 
centre ; No. 3 the left. Sub-divisions Nos. 1, 3, and 5, are also 
distinguished as right sub-divisions of divisions ; and Nos. 2, 4, 
and 6, the left ; the two centre sub-divisions are also to be named. 
It is also told off into half batteries, and these are distinguished 
by right, centre, and left sub-divisions of half batteries. The gun 
of direction should always be nuned. A flank gun is generally 
named with a battery of four guns, and the right centre gun with a 
battery of six guns. 

Spare carriages, with the battery, form a third, and, if neces- 
sary, a fourth line, in rear. The forge, and store-ws^on always 
in the centre, and the ammunition waggons on the flanks, cover- 
ing those in the front line. 

Section 24. Posts, and duties of OJicers, and mou'nled "Koi^ 
eommissioned oJleerSf dbcj at exerciat. 

h2 
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Second Captain. 

In line, limbered up. — One horse's length in rear of the 
centre. 

In column. — ^Two horses' length from the centre on the re- 
Terse flank. 

In action. — He assists the Captain in general super- 
intendence. 

He dresses all points of formation, gives- the word "Steady,'''' 
when they have been correctlj taken up, and the formation com- 
pleted. When required he commands a division. 

Subtdtema. 

In line, limhered up. — ^The senior on the right of the right 
division ; the second on the left of the left division ; the junior on 
the right of the centre division. 

In column of route. — On the pivot flanks of their leading 
sub-divisions. 

In column of diviHons. — On the pivot flanks of their respec- 
tive divisions. 

In column of half batteries. — ^The subaltern of the centre 
division, on the pivot flank of the leading half battery. The 
others continue on the same flank of their sub-divisions as when 
in line. 

In action. — ^Between the guns of their divisions, a little 
in rear. 

They conmiand the divisions to which they are attached, 
dressing m line with, and close to the leaders, and always with 
the guns. 

In shifting from onefUmk to the other. — It is always along 
the front, and at a canter ; and in joining the new sub-division, 
the ofiicer always turns his horse's head inwards. 

Staff Seryeants. 

In UnCf limbered up. — ^The senior on the right of the marker 
of the right division. The junior on the left of the marker of the 
left division. 

In column of route. — One on the reverse flank of the leading 
gun ; the other on the pivot flank of the rear carriage. 

In column of ditnsions. — One between the guns of the leading, 
the other between the guns of the rear division. 

In column of Tudf -batteries. — On the reverse flank of the 
waggons of each half-battery. 

They take up points in changes of position. In Hne forma- 
tions, 10 yards from the flank sub-divisions; in column formations, 
10 yards m front, and rear. They dress the markers when there 
is no staff-officer; and the limbers, and waggons in action. 

Markers. 

In line, limbered up. — ^In line with the leaders of the waggons, 
mad covering their officers. 

yh eoiumn of route. — With ih<e\T Ua^ug ^^les^uB covering 
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their officers. (Without waj^ns, covering their officers, and in 
line with the centre horses of the sun ) 

In column of dimniona^ and half -batteries. — ^They cover their 
officers. (Without waggons, on the reverse flank of their divi- 
sions.) 

In action. — Those of the right, and centre divisions on the 
right of the leaders of the limhers of their right suh-divisions. The 
marker of the left division, on the left of the leaders of the limher 
of the left sub-division. 

They take up |K>ints in changes of position ; in line formations, 
for the sub-division nearest the one of formation ; in column forma- 
tions, for the pivot sub-division. 

FarrierSf and Artificers. 

The farrier is generallj attached to the forge ; but when the 
battery is limbered up he is in the centre, in rear of the second 
captain. The other artificers are told off in the gun detachments 
when not mounted. 

Trumpeters, 

In linCf limbered up. — On the right of the battery, in line 
with it, one horse^s lenetn distant. 

In column. — One norse's length. in front. 

During manosuvres. — One with the commander ; the other 
in rear of the battery. 

HANCEUYBES OF A BATTERY OF SIX PIECES. 

Section 25. Battery in like. 

1. To advance. Commanding officer^ s toord of command 
repeated by officers. 

* The battery will The offi^cer^ and marker of the sub- 
ADVANCE — ^Mabch. ditfision of direction take up points. 

2. To retire. 

BiOHT (or left) RE- 
VERSE — ^March. 

3. To come into Action, 

Action front. | Senior staff-serjeants — ^Left reverse. 

4. To diminish {or increase) intervals on the march. 

To diminish, Nos. 1. Right (or left) half turn — ^Trot — 

Half, or quarter, in- Front turn — Trot — (except No. 1 of the 
TERVALS ON — BUB-Divi- named sub-division.) 

810N — 

To increase. 
Full intervals on 
— bub-division. 



• The CoTninimding oBeefa Word of oommand is «^'««lft ^ ^>^ T«<gM^ft^\fil 
the ofBcen, 
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FbRM COLUMN OP DI 
VISIONS IN REAR OP THE 
BIOHT. 

March. 

Form column op di- 
tisions in rear op the 

LEFT. 

March. 



5. To take ground to a flank. 

Kioht ( OR LEFT ) The officers shift to the pivot flank of 
TAKE GROUND— whot VD\U hecome their leading auh-divi- 

March. sions. 

6. To make a hatf-tvm on the march, 

RlOHT ( OR LEFT ) 
HALF-TURN — MaRCH. 

7. To form Column of divisions in rear of a flank. 

Centre division — Right reverse — ^March 

— By the left — ^Left take ground — ^Halt 
— ^Dress. 

Left division — ^Right reverse — ^March 
—By the left— Left half turn— Left take 
ground — Halt — Dress. 

Centre division — Left reverse — ^March 
— ^By the right — Right take ground^- 
Rignt take ground — Halt — Dress. 

Itight division — ^Left reverse — March 
By the right — ^Right half turn — ^Right 
take ground — ^Halt-— Dress. 

8. To form Column of divisions in front of a flank. 

Centre division — Forward — March — 

Left take ground — Waggons close inter- 
vals — ^Right take ground — Halt — ^Dress. 

Bight division — Forward — March 
— ^Lett half turn — ^Left half turn — Wag- 
gons close intervals — ^Right take ground 
— ^Halt — ^Dress. 

Centre division — Forward — March 
— ^Right take ground — ^Waggons close 
intervals — ^Left take ground — ^Halt — 
Dress. 

Left division — Forward — March — 
Right half turn — Right half turn — 
Waggons close intervals — Left take 
ground — ^Halt — ^Dress. 

9. To form Column of divisions on the centre division. 
This manoeuvre is a comhination of Nos. 7 and 8. 

10. To change front to the rear, 
First method. By a countermarch. 



Form 

VISIONS 
THE LEFT 

March. 



COLUMN OF DI- 
IN FRONT OP 



Form column of di- 
visions IN front op 
the RIGHT 

March. 



The battery will 
change front to the 
REAR — Guns right, 
Waggons left take 
ground— March — 

BlOHT COUNTBR- 
MARCH — FrOVT turn. 

— Ha.lt — Dress. 



The officers shift to the pivot flank of 
their leading guns — m., to the teft of I, 
3, and 5 guns. 
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Second method. On the centre. 



Changs front to 
the seas on the 

CENTBE ^MaBCH. 



Centre division — Sub-divisions in- 
wards about wheel — March — Halt. 
Dress. 

Bight division — ^March — ^Left wheel — 
Left wheel — Halt — ^Dress. 

Left division — ^March — ^Right wheel 
— ^Right wheel — ^Halt — Dress. 
2%ird method. When <xt diminished intervals; on the 
fnarch. 

The battesy will 
change front to the 

IkEAB ; ON THE CENTRE. 

Left half batters' 
HALT— Half batterdss 
tkwasds about wheel 
— ^Forward. 

11. To change front to a flank, 

JFirst method, Sight (or left) hackj on a flank siib-division. 
Change front to j^s. 1. 

6. Left wheel — ^Left about wheel — 

Halt — ^Dress. 
6. 
4. 
3. 
2. 
1. 

Nbs, 1. 

1. Right wheel — ^Right about wheel — 
Halt — ^Dress. 



THE SIGHT ON No. 6. 

March. 



Rieht reverse. 
Lett shoulders. 
^ Right reverse. 
HiQt — ^Dress. 



Change fbont to the 

LEFT ON No 1. 

Mabch. 



2.^ Left reverse. 

3. Right shoulders. 

4. >Left reverse. 

5. Halt. 

6. Dress. 



jFbr Action, 
Change fsont to the sight, on No. 
6, Fos ACTION. Mabch (ob change 
fbont to the left on No. 1, 
ACTION. Mabch.) 



FOB 



T7ie named sub-divi- 
sion comes into action 
in the new direction, the 
others proceed as before, 
and come into action to 
I the rear. 

Second method. Bight {or left) forward^ on a flank sub- 
dimsion. 

No$. 1, 
Change fbont to the I 6. Right wheel — ^Right about wheel 
LEFT ON No. 6. I Halt — Dress. 

March. 
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No$. 




6. 






4. 
3. 
2. 


1 Right shoulders. 




Halt — ^Dress. 




ij 
2w8. 1. 


Chakoe FBOirr to the 


1. Left wheel — ^Left about wheel — 


RIGHT ON No. 1 — 


Halt — ^Dress. 


March. 


2." 






3. 


Left shoulders. 




4. 


^Halt 




6. 


Dress. 




6. 





For Action. 

CtiANOE FRONT TO THE The flamed sub-division comes into 

RiOHT ON No. 1 FOR octum in the ncw direction ; the others 

ACTION — ^March — proceed as before^ and come into action 

(or Change front to thefrorU, 

TO THE LEFT ON No. 

6, for action 

March. 

Third method. To the right (or left) on a central svh-divi- 
sion^ one flank thrown forward, the other back. This is a com- 
bination of the First, and Second methods. 

Note. — A battery may change its fronts Half right, or Half 
left, on the same principle as already detailed. The commanding 
officer's word womd be " Change front, Half right (or half 
left)on — Sub-division. 

These manoeuvres can be executed on the same principle, hj 
divisions, or half batteries. 

A Battery can also change front on a moveable pivot by a 
simple wheel. 

12. To advance from aflank^ in column, 

Biaht division. Forward by the left. 
Marcn. 

Cmtre, and left ) S^H**^® SF^T^ 

divisions, i[March--Leff take 

] ground. 
Nos, 1. 

^ I Waggon right. Waggon rear. 

Leftdi^ion, y^^^^^lJl 

Centre, and right [^^ **Hf ^™^"^ 
divisions ,..7, .. f .^*^ch. 

\ Right take ground. 

Nos, 1. 

5. \ Waggon \e^. 

3. fWaggpuT^ai. 



Advance from the 
right, in column 
OF divisions — 
March. 



Advance from the 
left in column of 
divisions — 
March 
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13. To advance from the eentrej in double column of sub- 
divisionsm 

Centre divmon — ^Forward. — ^Trot — 
March. 



Adyanoe from the 
centre in a double 
column of sue-divi- 
SIONS — ^March. 



Mioht divieion — ^Left take, gromid- 
March. 



Left divieion — ^Right take groond — 
March. 
Nos. 1. 

2. 1 Right take ground — Trot. 
1. (Bight take ground. 

5. I Left take ground — ^Trot. 

6. J Left take ground. 

14. To move from ajlank along the front in a column of 
divisions. 

MoYE FROM THE RIGHT, [ Forward — ^March. 

ALONG THE FRONT, Left whoel. 
IN COLUMN OF DIVI- 
SIONS. March. 

Note. — To advance from the left^ along the fronts is done in 
the same manner. 

15. To advance from aflank^ in echeUon of avb-divieione. 
Advance from the 

eight, in echellon 
of sub-divisions — 
March. 

Advancing from the Left is done on the same principle. 

Note. — A BaH.ery in echeUon of Sub-divisions^ if required to 
change its front when in action, can do so at the word " Actiqn 
LEFT (or right\ by merely throwing the trails round, and 
bringing the ^ns into the new direction, the limbers, and wag- 
gons forming m rear of their guns. 

16. To ctdvance from a flank in echeUon of divisions. 

The right division advances^ the cen- 
tre moves off in succession, when at its 
wheeling distance, in rear of tJhc leading 
one. The left division follows in the 
same manner. 

Advancing from the Left is done on the same principle. 
Note. — A BaUery in echeUon of Divisions, if required to 
change its front when m action, does so as follows : — 



Advance from the 

right; in ECHELLON 

of divisions — 
March. 



Change front to the 
left, on the left 
GUNS OF divisions- 
March. 



Nos. 1. 
2. 



4. 
6. 
1. 
3. 
5. 



Action left. 

Front limbcT to. 
Left wheel— Ra\t. 
Action front. 
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An echeUon offfalf hatteriea is formed in the same manner 
as that 'of divisions; the rear half battery must, however, keep 
its wheeling distance from the leading one. When in action, 
if the front is to be changed, it is better to do it on a centre gun. 

Betirements in echdUm^ are done on the same principle as 
the advance. 

17. To retire from a flank in colttmn. 
First Method, 



Right division to the 
HEAR — ^Mabch. 



Betibe from the 

BIGHT in column OP 

Divisions — ^Mabch. 



Bight division — Sub-divisions in- 
wards about wheel — ^March. 

Centre and left divisions — ^Forward 
— ^Ri^ht wheel — ^March — ^Right wheel. 
To retire with the Left division is done on the same principle. 
Second method. 

Bight division — ^Right reverse — March. 

Centre, and leftP'Sj* ^^^ ?™"?^ 

^--- j^f'^I^'''' 

Nos. 1. 
2. > Gun left. 
I 4. j Gun rear. 

IB. To retire from the centre in a doMe column of sub- 
divisions. 

In order to perform this manoeuvre, the battery should be 
reversed, and then (with waggons leading) it is performed in the 
same manner as the advance from the centre, in a double 
column. 

19. To retire from a flank hy aUemate Half haUeries^ in 
action. 

When a battery in line, in action, is ordered to retire from a 
flank by alternate Half batteries, the named half battery at once 
limbers up to the rear, retires to its distance in echellon, and 
comes into action. As soon as this half batterv is in action, the 
other limbers up to the rear, retires, passes tne half battery in 
action, and so on. The senior officer of each half battery gives 
the word of command. 

Note. — ^This manoeuvre would generally be practised with the 
prolonge. 

20. To break into column to a flank, 
Bbeak into column of I Nos 1. 



DIVISIONS TO the 

bioht. Mabch. 



1. 

3. 
6. 
2. 
4. 
6 



Right take ground. 
Guns front. 



:J 



Right wheel. 



Sreahing into C<^wmn to thie Left can be done on the same 
princiole. 

A Column of Half batteries caxi \m lotisks^^ Vsi ^^ wsaitk 
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manner ; the pivot Bub-divisions wheeling as before, but the others 
after taking ground, must incline away to gain their required 
intervals. 

Note. — ^This movement would generally be employed in 
breaking into column from line, to march past with other troops; 
and with half batteries it would be done at reduced intervals. 

21. To increase^ and diminish the front. 

First method. 
From Column of rowte^ to form Column of divisions f on the 
march. 

Column right in front. 

FOBH COLUMN OF 
DIVISIONS. 



Bight division — Forward by the left. 
Centre and left \¥oTwa.Td by the left. 

divisions. J Trot — Walk. 
Nos. 1. 

4. VLeft half turn— Trot— Front turn. 
6.1 



Column left in front. 



FOBH COLUMN OF 
DIVISIONS. 



Left Division — ^Forward by the right. 
Centre and right ) Forward by the right 

divisions, j — Trot — ^Walk. 
Nos. 1. 

^•) Right half turn— Trot. 
J fFront turn. 

Second method. 
From Column of route^ to form Column of divisions^ in 
succession. 

Column right in front. 



In SUCCESSION form 

COLUMN OF DIVISIONS. 



Nos. 1. 

1. 



Column left in front. 
In SUCCESSION fobm 
COLUMN OF divisions. 




Halt. 

Left half turn. 
Front turn. 
HAlt — Dress. 



Nos. 1. 
6.) 

4. ^Halt. 
2.) 

5. S Bight half turn. 
3. >Front turn. 
1. 3 Halt — ^Dress. 

Third method. 

From Column qfdivisionSf to form Column oj rovile, on ^^ 
marc^. 
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Column Bight in front. 



FOBH COLUMN OF 
BOUTE. 



Column Left in front. 
Form column of 

EOUTE. 



Centre and left divisunu. Halt. 

N08. 1. 

1. Forward. 

i' [-Forward — ^March. 

\' ) Halt— Right half tum—March. 
g ("Front turn. 



Centre, and right divisions — ^Halt. 

Nos. 1. 

6. Forward. 

' [-Forward — March. 

I ) Halt— Left half turn. 
J j March- Front turn. 

22. To bring the Hear to the front, in succession, on the 



First method. In Co 
Bear bub-diyision 


lumn of route. 
Nos. 1. 


TO THE FRONT. 


60 

6. 

4. 

3. 

2. 


>In succea 



Second method. In Column of divisions. 
Hear division to Centre, and rear divisions in succession. 
THE front through Inwards close — Forward — ^Full interval 
the intervals. 

23. To form Line on the leading division. 
Divisions Bight in front. 

Centre division — ^Left take ground — 
March — ^Right tsike ground — ^Halt — 
Dress. 
Left division — Left take ground — 
March — Right half turn — ^Right half 
turn — ^Halt — Dress. 
Divisions Left in front. 



Left of the front 
FORM LINE — March. 



RlOHT OF the front 
FORM LINE — ^MaRCH. 



Centre division — ^Right take ground — 
M€ux:h — Left take ground — Halt- 
Dress. 
Bight division — ^Rieht take ground — 
March — Left haB turn — Left half 
turn — ^Halt — ^Dress. 
On the March. 

The centre and rear divieionB make a half turn towarda the 
intended line, and come up at an mct^ahae^ -^goA^. 
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Halt — ^Action front. 



For Action. 
BioHT (or uspt) op 

THB FRONT FORM LINE 
FOB ACTION — ^MaRCH. 

24. To form Line on the rear division. 
Divisions Bight in front. 



Bight of the rear 

FORM LINE — ^MaRCH. 



Centre division — ^Ri^ht take ground — 
March — Right take ground — Right 
reyerse — Halt — Dress. 

Bight division — Right take ground — 
March— -Right hatf turn— Rirfit half 
turn — ^Right reverse — Halt — -Dress. 
Divisions Left in front. 

Centre division — Left take ground — 
March — Left take ground — Left re- 
yerse — ^Halt — ^Dress. 

Left division — Left take eround — 
March — Left half turn — Left half 
turn — ^Left reverse — ^Halt — ^Dress. 



Left of the rear 
FORM LINE — March. 



For Action. 
Right (or left) of 

TEm REAR, FORM LUVE 

for action, front — 
March. 



The standing division comes into 
action to the front : the other s^ as they 
arrive in Une^ come into action to the 
rear. 



Form line to the 

REAR, ON THE LEADING 
DIVISION — ^MaRCH. 



25. To form Line on the centre division. 

This manoeuvre is a combination of Nos. 23 and 24. 

26. To form Line to the rear on the leading division. 
Divisions Bight in front. 

Bight division — Sub-divisions inwards 
about wheel — ^March — Halt — Dress. 

Centre division — ^Right take ground — 
March — ^Left take ground— Subdivi- 
sions inwards about wheel — Halt — 
Dress. 

Left division — Right take ground — 
March — Left half turn — Left half 
turn — Sub-divisions inwards about 
wheel — ^Halt — ^Dress. 

JHvisions Left in front. 

Left division — Sub-divisions inwards 
about wheel — March — Halt — Dress. 

Centre division — Left take ground — 
March — Right take ground — Sub-di- 
visions inwards about wheel — Halt — 
DresB. 

Bight division — Left take ground — 
March— Bight half turn— Bi^ht half 
turn — SuD-diyiBioiia m^vs^ «^\^ 
wheel — Haii— BrdBB. 



THE 



Form line to 

.REAR, on the leading 
DIVIBION — ^MaRCH. 



/ 
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FOBM LINE TO THE 
REAR, ON THE REAR DI- 
VISION — March. 



27. To form Line to the rear of the rear division. 

Divisions Bight in front. 

Bight division — Left wheel — March — 

Right shoulders — ^Right shoulders — 

Halt — Dress. 
Centre division — ^Left wheel — March — 

Left wheel — ^Halt — Dress. 
Left division — Sub-divisions inwards 

about wheel — ^March — ^Halt — ^Dress. 

Divisions Left in front. 



Form line to the 
rear, on the rear di- 
vision — ^March. 



Left division — Right wheel — ^March — 

Left shoulders — -Left shoulders — Halt 

Dress. 
Centre division — ^Right wheel — ^March 

Right wheel — Halt — ^Dress. 
Bight division — Sub-divisions inwards 

about wheel — ^March — Halt — Dress. 

28. To form Line to the rear^ on the centre division. 
This is a combination of Nos. 26 and 27. 

29. To form Line to the reverse flank on the leading 
division. 

Divisions Bight in front. 

Bight Division — ^Right wheel — ^March 

Halt — Dress. 
Centre, and left divisions — ^Left half 
turn — Marcn — Front turn — Right 
wheel — Halt — ^Dress. 
Divisions Left in front. 
Form Line to the 

LEFT flank on THE 

leading divibion — 
March. 



Form Line to the 
right flank on the 

leading division 

March. 



Left Division — ^Left wheel — ^March- 
Halt — Dress. 

Centre, and right divisions — ^Right 
half tun) — March — Front turn — ^Left 
wheel — Halt — Dress. 

30. To wheel into Line, 

Divisions Bight in front. 



Left wheel into Line 
— March. 



Nos. 1, 
1 



3 
6 
2 
4 
6 



Divisions Left in front. 



Right wheel into Line 
— March. 



Sub-divisions, left wheel — Halt— 
Dress. 

Sub-divisions, right wheel — Right 
about wheel — Halt — Dress. 




Right wheel. 
Hwt — ^Dt«B8, 
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n / Left wheel — ^Left about wheel, 
g f Halt^Dress. 

31. To deploy on the Bear division. 
Note.—-AAi deployments are on the front base. 

Divisions Bight in front. 



Deplot on the reab 
DIVISION — March. 



Bioht division — Right take ground — 
March — Right take ground — ^Right 
reverse — Halt — Dress. 

Centre division — ^Right take ground- 
March — Left take ground — Halt — 
March — Halt — Dress. 

Left division — ^Forward — ^March — ^Trot 
— Halt — Dress. 



Divisions Left in front. 



Deploy on the bbab 
DIVISION — March. 



Left division — Left take ground — 

March — Left take ground — Left 

reverse — Halt — Dress. 
Centre division. — ^Left take ground — 

March — ^Rieht take ground — Halt — 

March — Halt — ^Dress. 
Bight division — Forward — Trot — 

March — Halt — Dress. 



For Action, 
Deploy on the rear division, 
ACTION front — March. 



FOR 



The Divisions all pro- 
ceed as before, except 
that the leading divi- 
sion, instead of goin^ to 
the rear and reversing, 
comes into action to the 
right, or left, when in 
its place ; the other divi- 
sions come into action 
] to the front. 
32. To d^loy on the Centre division. 

Bight division — ^Ri^ht take ground — 

March — Right take ground — Right 

reverse — Halt — ^Dress. 
Centre division — Forward — Trot — 

March — ^Halt — Dress. 
Leftdiyision — ^Left take ground — ^March 

— ^Right take grouiAl — Halt — Dress. 
To countermarch. 



Deploy on the centre 
DIVISION — ^March. 



33. 

The Column will countert 
MARCH — Divisions by sub- 
divisions INWARDS ABOUT 
WHEEL — MaJZCH — HaLT — 

Dmebb, 



\ 



The Sub-divisions wheel about 
inwards, and halt on their mark- 
ers. The o{&ceT% m.cmxw<^ m^ 
with their Bu\>-^v\6voiiA. 



BlOHT AND LEFT OF THE 
FROHT, FOBM LINE — 

Mabch. 



Form line to the 

BIGHT, ON THE BIGHT 
HALF BATTEBY. 

Mabch. 
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On the March. — ^The markers fall in rear of their ofBcers. 

34. From Double column of tvh-diviaumi to form Line to 
the front. 

Not. 1. 

2. J Right half turn — ^Pront turn. 
1. J Haltr— Dress. 
5. / Left half turn — ^Front turn, 
e.*! Halt— Dress. 

On the Ma/rch, — ^The rear sub-divisions move up at an in- 
creased pace. 

For Action. — ^At the word " Mabch," the two leading sub- 
divisions come into action to the front ; the other sub-divisions 
come into action in succession as thej arrive in line. 

35. From Dotible column of iuhdivisionSf to form Line to a 
fiavik. 

Nos. 1. 

3. Right wheel — Halt — ^Dress. 
2. ") Forward — ^Right wheel. 
1 . f Halt — ^Dress. 

-* / Forward — ^Right wheeL 
g ( Halir-Dress. 

To form Line to the left is done on the same principle. 

INSPECTION, AND BEVIEW. 

A single Battery. 

The Battery is formed in line limbered up ; the detachments 
in the order of march. 

The wagons at order — ^viz., ten yards in rear of their guns. 

The Officers at order — ^viz., the Subalterns one horse's length 
in front of, and in the centre of their divisions. 

The second Captain on the right of the battery, in line with 
the Subalterns. 

The Staff seijeants on the outer flanks of the waggons. 

The Markers move up into the places of their officers. 

The Commanding officer in the centre of the battery, one 
horse's length in front of the Subalterns. 

As the Inspecting Officer arrives, the Officers draw swords, 
and salute ; takmg the time from the Commanding officer, whose 
word of command is "Genbbal salute, dbaw swobdb." The 
officers then recover their swords in like manner. As soon as the 
inspection has been made, the Commanding officer gives the word, 
" Take close obdeb — Mabch," when the officers and markers 
return to their places in line, the officers sloping their swords ; and 
the waggons move up. 

Jfarching past. 

This maj oe done either by "Diviwoi^, oi b^ Half batteries; 
io the latter case usually at bal£ mterviAA. 
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The Battebt will mabch past. 
Break into coluhk of DiviBioira (ob Half battebies 

AT HALF UTTEBYALS) TO THE BIGHT — ^MaBCH. 

At thirty yards from ike Inspecting officer, the Subaltern 
officers in command of divisions, or half batteries give the word, 
" Take obdeb — ^Etes Right," and move out one horse^s length In 
the front of, and in the centre of their divisions. In Half batteries, 
the two officers of the leading half battery between the guns of it ; 
the officer of the rear half battery in front of his centre gun. The 
Commanding Officer two horses* length in front of the battery, and 
the Second Captain in rear of the battery. The officers salute at 
six yards distance firom the Inspecting officer, and recover their 
swords at ten yards past him. At twenty yanis past, the Subal- 
tern officers in command of divisions (or naif batteries) ^ve the 
word, " Take close oedee." 

/n tro^{n^^a«t the detachments are mounted; the officers 
remain on the flanks, and carry swords as they pass the Inspecting 
officer, giving the word " Eyes bight." 

Should a battery be required to ranh jmatj it wheels as be- 
fbrei until it arrives on the line of the Inspecting officer, when it 
halts. 

The batteby will rank past — ^Mabch. | 

The battery advances in a column of route, the officers in 
front of the guns, the markers, staff-serjeants, and farrier in front 
of the waggons. The officers, and drivers salute, as before. The 
spare carnages in rear of the divisioiis to which ihey belong : the 
second Cs^tain in rear of the whole. 
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EQUIPMENT OF A BATTERY. 

Sec, 32.* Packing the Intrenching tooUf 
Camp equipagCf (&c.f (&c, 

1. — In equipping a battery for the marcli, the stores, intrench 
ing toolSi camp equipage, &c., are packed as follows : — 

On gun limber. 
Two carbines on the front of the boxes, barrels up. 
Two fitting ropes on the foot board. 

One swingletree between the foot board and the splinter bar. 
One felling axe on the splinter bar, edge inwards. 
One bill hook under the foot board. 
Two spades on the sides of the boxes, and fastened to the splinter 

bar. 
One grease tin on the front of the axletree. 
One pickaxe under the axletree. 

One prolonge between the boxes, above the washer box. 
Two water buckets on the back of the axletree. 
Two com sacks ; two blankets folded (21 inches by 16), on the 

box lids, the blankets uppermost. 

On gun carriage. 
One claw hammer 1 /\« ^ v v i- 
One wrench hammer j* ^ ^^^ ''^^'^^' 
One pair of pincers on the cheek. 

One spare sponge, wadhook, and handspike, under the trail. 
Two camp kettles in rear of axletree. 

The whole of these stores, &c., are buckled on by Nos. 1, and 6. 

On waagon limber. 
One picket line on the foot board. 
One mting jack on the foot board. 
One grease tin on the front of the axletree. 
Two com sacks, two blankets folded, on the box lids. 

These stores are buckled on by Kos. 4, and 5. 

On waggon body. 
Four picket posts, two on each side of the boxes. 
One maul under off end of rear foot board. 
Spare horse- shoe box, under the front foot board. 
Grease magazine under near end of rear foot board. 
Four blankets on the box lids. 
One camp kettle on the rear of the axletree. 

These stores are buckled on by Nos. 2, 3, 7, and 8. 
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18 PouNDEB Gun, 
LIMBEB. 
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VBAB BOX 



0» BOX. 



diol^ 
r. 

Dom 

orer. 

r 

Msrew, 

er 

JP6. 

iL 
m. 



n. 

nell 

ir. 



Gshrftpnell. 

J J^^- J cartridges. 

6 60Z. boraten. 

2 ftize boxes. 

2 foze bags. 

24 ftizes in four 
bundles. 

1 powder horn. 

quick match. 

needles. 

worsted. 

6 portfires 
Isaw 



'} 



on lid. 



mnDLB BOX. 



4 oonples. 
2 linchpins. 
2 washers. 



VOBB 

10 sets of horse shoes. 



6 solid shot. 


3 solid shot, 




nnder. 


12 61b. cartridges. 


3 common 




case, over. 


6 portfires > on 


1 hammer. 


slow match/ lid. 


1 set irons 




primhig. 
llock 




1 nowder 
horn 




1 punch. 




2 common 




spikes. 




1 spike- 




spring. 



BOX 



10 sets of horse shoes. 



6 shrapnell in two tiers, 

24 ftizes In fbnr bmidles. 

100 tubes. 

1 spunge. 

1 rammer head. 



12 solid shot 

If «jY^;} cartridges. 

6 6 oz. bursters. 
1 skein slow match. 



HUTD BOX 



12 solid shot. 
18 61b. cartridges, 

2 tube boxes. 

2 thumb-stalls. 

2 portfire sticks. 

1 skein slow match. 

1 ditto Hambro' line. 

1 ditto marline. 

60 cartridges flannel, 
emptj. 



6 solid shot in two tiers. 



\ 



greaee magazine, lOsetsof honethoes, 
l2 



lie 



)nELD BATTEBY EXEBCISE. 



[PABT VL 



12 POUNDEB MXDIUH GUS. 



LIMBER. 



triix. BOX. 



MIDDLB BOX. 



on BOX. 



9 41b. cartridges. 
2 ftize bagSf 6 in each. 
Quick match. 
6 portfires 
Isaw. 



[Onlid. 



3 common case. 



2 fhze boxes, 6 in each. 



6 solid shot, in 2 tiers. 

1 auffer, 1 corkscrew, 
2 files, 1 fbnnel, Iknife, 
1 mallet, 2 needles, 
1 pincers, 1 sdsson^ 
1 setter, 1 oz. worsted. 



OTV AXLSTBXB BOX. 



Slow match. 

1 set irons, priming. 

1 tin primer. 



6 shrapnell shells. 
6 41b. cartridges. 
6 4|oz. bursters. 
Quick match. 



i 
^ 



e«i 



9 4Ib. cartridges. 
7 por^res on lid. 



Sconmumcase. 

1 set irona inriming. 

lpimch« 

100 tubes; 1 tube pocket 



6 solid shot, in 2 tiers. 

1 hammer. 

1 tin primer* 

1 skein, alow match. 



VXAB AXLSntn BOX. 



1 washer, 
llindipin. 

2 covers. 
IgoAloek. 
lOflinU. 

2 couples. 
2th.8tallB. 
2 punches. 
2 spikes 
com. 




pvl] 
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UMBEB. 



WALR BOX 



irapoiell. 



fftOB, 



ine. 



6 solid shot. 
8 41b. cartridges. 
6poitfires,onIid. 



6 shrapnelL 
8 4Ib. cartridges. 
104|oz. bursters, 
quick match. 



MIDDLB BOX. 



2 washers. 
2 linchpins. 
2 couples. 



■ ■ '^ ■ ■ I ■ 



on BOX. 


6 solid shot. 




8 41b.>rtii4gM, 




6portflN^anlid, 


4 common 


1 tube pockety 


case. 


100 tubes. 


1 skein of 
slow match. 


6 solid shot 


8 41b. cartridges. 



TORS 



15 sets of horse-shoes. 



BOX. 



15 sets of horse-shoes. 



4 solid shot, 
under. 



4 shrapnell, 
over. 



48 fhzes, in 
4 bundles. 



8«farapneU. 
12 41b. cartridges. 
12 4|oz. bursters. 



Quick match (24 
lengths.) 



8 solid shot. 



12 4Ib. cartridges. 



1 skein slow match. 



HIITD BOX. 



■ III 



8 solid shot. 

12 41b. cartridges. 

60 empty 



8 solid shot. 

12 41b. cartridges. 



flannel cartridges. 



1 



8 solid shot, 
in2tifir8. 



Ispunge 
head. 



1 rammer 
head. 



/ 



_i 
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[PABTTL 



9 PouHDEB Gun. 



LIM6EB. 



iriAB BOX. 



4oom. caae. 
1 wager. 

1 cwrkscrew. 

2 files. 
Iftinnel. 
aftue boxes 

6ineach. 
1 knife. 
1 mallet, 
a needles. 
1 pincers. 
1 saw set. 
1 scissors. 
1 setter, 
lox. worsted. 



esdidshot 

8 81b. oartridges. 

6 portfires') On 
Isaw J lid. 



fishrapnell. 

8 31b. cartridges. 

6 S|oc bursters. 

Quick match. 

2 fhze bags, 6 in 
each. 



on AXLETKEM BOX. 



Slow match. 



1 set priming irons. 



1 tin primer. 



lODDLB BOX. 



1 heayy washer. 
1 light washer. 
1 heayy linchpin. 

1 light linchpin. 

2 oonplea. 



Irammerhead. 



I 



a 

M 



i 



OFV BOX. 



6 solid shot. 
8 31b. oartridges. 
6 portfires, on Ud. 
Slow match. 



6 solid shot. 



8 31b. cartridges. 



4 com. case. 

Itobe 
pocket 

100 tubes. 

1 tinprimff. 

1 hammer. 



irXilt AXLBTBIB BOX. 



2ooyers. 
1 gun lock. 
10 flints. 

1 prim, irons 

2 punches. 
2 spikes. 
1 do. sprinff. 

1 spunge ho. 

2 th. stalls. 



Slow match, 
31b. 
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9 Founder Ammunition Waggon. 



LIMBER. 



VRA.1L BOX. 



OTV BOX. 



comnioii 
oase. 



empty 

flannel 

irtridges. 



6 solid shot. 
8 31b. cartridges. 
6 portfires, on lid. 
slow match. 



Gshrapnell. 
8 31b. cartridges, 
6 3ioz. bursters. 
24fazes. 
quick match. 



MIDBLB BOX. 



1 washer. 

1 linchpin. 

2 conples. 



6 solid shot. 
8 31b. cartridges. 
6 portfires, on lid. 



6 solid shot. 
8 31b. cartridges, 
slow match. 



4 common 
case. 



Itobe 
pocket. 



100 tabes. 



VOBB 



15 sets of horse-shoes. 



BOX. 



16 sets of horse-shoes. 



16 solid shot 
9 3Ib. cartridges. 



8 shrapnell. 
13 31b. cartridges. 
8 3^02. bursters, 
quick match. 



8 solid shot. 



14 31b. cartridges. 



32 fiizes, in 4 bun- 
dles. 



Hnm BOX. 



8 solid shot. 

14 31b. cartridges. 

60 empty 

IskeJn 

1 ditto 

slow 



8 solid shot. 

14 31b. cartridges, 
flannel cartridges, 
marline. 
Hambro' line, 
match. 



16 solid shot, 
in 2 tiers. 



\ 
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Light 6 Pounder Ammukition Waggon. 



UMBER. 



NSAS BOX. 



OTV BOX. 



1 lolid shot. 


Sshrapnell. 


3 lilb. car- 
tridges. 


11 lilb. car- 
tridges. 

8 2ioz. 
bursters. 


low match. 


32 AizeSfin 
4 bundles. 

quick match. 


6 portfires. 


on lid. 



UEDDLB BOX. 



1 washer. 
llinchpiB. 

2 couples. 



16 sets of horse-shoes. 



VOBB 



8 solid shot. 


SsoBdsbot 


4comp 


12 lUb. 
cartridges. 


13 l|lb. 
cartndgeg. 


mon 


ease. 






under. 






4 solid 


100 tubes. 




shot^ 




6 portfires, 


over. 


slow match. 


on lid. 





BOX. 



10 sets of horse-shoes. 



20 solid shot, in 
2 tiers. 

12 lilb. eartaddges. 



10 shrapnell. 

16 l^lb. cartridges. 

10 2^02. bursters. 

40ftizes, in4 
bundles. 

100 tubes. 

quick match. 

Bportfijres. 

slow matdi. 



16 solid shot. 
27 lilb. cartridges. 

1 tdbe pocket. 
1 skein marllTiifl. 



Hnn> BOX. 



16 solid shot. 



27 Ulb. cartridges. 



100 empty flannel 
cartridges. 



lOsoUdshot 



18 lilb. cartridges 



1 skein Hambro' 
JUncu 



30 solid shot, in 
Stim. 



S^fiM, slow match. 
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FIELD BATTEBT EXEBdSIS. 



[PABT TL 



8 Inch Howitzes. 
LIMBEB. 



VSAX BOX. 



2 8hrapneU. 
6 4Ib. cartridgee. 
6 16 oz. bursters. 
64 shrftpnell flues, 

in 4 bundles. 
2 flue bags. 
6 flue boxes. 
6 portfires, on fid. 



Sshrapnell, 
In 2 tiers. 



2 shxapnell, 
in2tierSk 



lonnLX BOX. 



2cotqples. 
1 Sncfapfn. 
1-WBsfaer. 



WAC^&OT 
BOSB 



10 sets of horse-sboes. 



OITBOX. 


2 common shells, in 1 tier. 

6 41b. cartridges. 

6 lib. 14,oz. bursters. 

2 tube pockets. 

2 thumb stalls. 

100 tabes. 

6 portfires, (m Hd. 


2 common 
shells, in 2 
tiers. 

1 skein slow 
match. 


2 common 
shells, in 2 
tiers. 

16 common 
flues. 



BOUT. 
BOX. 



10 sets of horse-shoes. 



2 shrapneUfln 
2tiers. 



2 shrapneD, in 
2aers. 



8 41b. cartridges. 
7 16oz. bursters. 



28 shrapneQ fbzes, 
in^bundlesL 



1 shrapnel], under. 

1 common case^ 
over. 



2shrnmel],in 
2 tiers. 

1 skein— match. 



WnTD BOX. 



1 common shell, 
under. 

1 common case, 
over. 



/ 



1 common shel^ 
under. 

1 common case, 
over. 

1 skein Hambro' 
jlne. 



8 4rlb* cartridgM. 



» lib. 1401. 
bursters. 



60 emptv flannel 
cartridges. 



2 common sheUs, 
in 2 tiers. 



2 common shells, 
in2tiers. 



1 skdn marline. 



\ 
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32 Founder Howitzbb. 



VSAX BOX. 


TiTMBEK, 


on BOX. 


2 shn^iiietll. 




2 common shells. 


2 31b. oartridgw. 




2 3 lb. cartridges. 


2 7oz.biinten.. 




2 12oz. bursters. 






KIDBLT BOX. 


f 




4 Bhn^iielL 


-• 


'■2 comnum 
case. 




4 common shells. 


4 3Ib. cartridges. 




2 3Ib. 
cartridges. 




4 31b. cartridges. 


4 7oz. burstessi 






4 12ei. bnrstevs. 





OVr AXLSTBBB BOX, 



t 

I 



VBIX IXLXTSXB BOX. 



Slow match. 
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[part VI. 



82 PouinoEs HownzEs Ammunitioh Waggon. 



MBAB BOX. 



Ssbrap' 
18 tiers. 



12 Sib. 
cartaddgea. 



10 7oz. 
bBTsterfl. 



4 shrap- 
nelL 



2 common 
case. 



lODDLB BOX. 



10 sets of hoTse-slioes. 



yOBB 





on BOX. 




64Ximmoii 


ISSIh. 
cartridges. 


6oom- 
mon 


shells, in 




^hftHis 


2tien. 


12 120Z. 
bontem. 


in2 
tiers. 



BOX. 



10 sets of hors e ri i ee a . 



^shrapnel], 
in 2 tiers. 



6 8hrs|^c31. 
9 Sib. cartridges. 
12 7oi. bursters. 



3 common shells. 
6 8 lb. cartridges. 
3 12oz. bnrsters. 





HISHD BOX. 




8 common shells. 


6 common shells. 




6 8 lb. cartridges. 


9 81b. Cartridges. 


6 common shells, 
in 2 tiers. 


.6 120Z. bursters. 

/ 


9 12oz. bursters. 

1 





greaae magaane. 10 seta o{hoi«e4ih.Qe&. 
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24 FomrDEB HowrrzEB. 



LIMBER. 



nriK bml 



onf BOX. 



U S|Ib. oartridgM; IS 6oz. 
barsters: 1 auger; 1 cork- 
screw; 1 ftmnd; 2 ftise 
boxes; 2 Ihze bag^ 12 ftizes 
in each; 60 eoMtj ilaxmel 
cartridges; 1 kmis; 1 mal- 
let ; 2 needles ; 1 pr. pincers ; 
Inam set; 1 pr. sdMom: 2 
setters; loz. worsted; qmck 
Tnatoh. 



12 shraimel], in 2 tiers. 
] oblid. 



6 portfires 
Isaw 



lODDLH BOXJ 



2 washers. 
2 linchpins. 
2 couples. 



OFV lltLBTSn BOX. 



Slow match. 



1 set priming irons. 



1 tinprimtt. 



§ 



33 
oa 

o 

I 

91 



12 2ilb. cartridges; 8 10 oz. 
barsters; 10 common ftues; 
1 pr. compasses; 2 files; 1 
rasp; 1 role; 1 scraper; 1 
tube pocket; 100 tubes; 1 
tin pnmer. 



4 common shells 
2 common case 

4 common sheUs 
2 oonunon case. 



lower 
tier. 



} 



6 portfires on lid. 

Slowmirf^h. 

1 hammer. 



iriAB AXltSlBBa BOX. 



Slow match. 



1 set priming irons; 2 
coTors} 10 flints: 1 gun- 
lock; 2 jtunchee; 1 
spring spike; 2 com. 
spOtes; 2 thumb stalls. 



A**ft«^lM^rfMA^ 
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XISLD BATTEBY EZEBCIBS. 



[PABT VL 



24 Poina>ER Howitzer AMmmrnoH WAa€K>N. 

LIMBEB. 



irXAB BOX, 



on BOX. 



12 2|lb. cartridges. 








12 2ilb. cartridges. 


12 6 oz. bursters. 




8 lOox. buraters. 


46 sbnpneU flues, in 4 
bundles. 

quick match. 


mnnLB box. 




10 common fluM. 
ltabepo<A»t. lOOtobei. 


1 washer. 
1 linchpin. 




4 common sheUa \ lower 
2 common case ' tier. 




12 shrapnel], in 2 tiers. 
6 portfires, on lid. 


2 couples. 




4 common sheila *> upper 
2 common case tier. 

6 portfires on lid. slow matdL 




yOBB 


BOX. 








15 sets of horse-shoes. 


16 sets of horse^ihoes. 






18 2ilb. 
cartridges. 






/ 


1860K. 
bursters. 


18 ahrapnell in 2 tiers. 






72shraBnelI 

flues, m4 

bundles. 








Quick 
match. 








EDTB BOX. 






roommonshelli )iowertier. 
2 carcasses S 








9 common shells, upper tier. 


18 210). 






1 skein marline. 


cartridges. 






1 skein Hambro' line. 








Ispnngehead. 
Irammer head. 


16 100Z. 
bursters. 






60 empty flannel cartridges. 






1 


20O 


ommon flues. 


i 
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12 Founder Howttzeb. 



LIMBER. 



ni.B 


BOX. 


mXK 


6 Bhrapnell. 
18 lilb. car. 


3n. 


wr. 


tridffes. 
18 4oz. 




bursters. 




2 ftize boxes, 




(C and D), 


• 


16 in each. 


«n. 


2fazebag8 


9 


(£ and 1 inch,) 


Km. 


18 in each. 




quick match. 


ted. 


6 portfires, on 




lid. 



UDDLS BOX. 



1 washer. 

1 linchpin. 

2 couples. 



AZLSTIM fiOX* 



•low match. 
it primingr irons. 
1 tin primer. 



on BOX, 


2 common 


12ooxDmo]i 


shells. 


shells,in2tlerB. 


4 common 


1 compasses. 


case. 


17 common 


18 Ulb. car- 


ftizes. 


tridges. 


2 files. 


14 6oz. 


1 hammer. 


bursters. 


Irasp. 




Irule. 




1 shell scraper, 
slow match. 


6 portfires. 


1 tin primer. 


on lid. 


100 tubes. 


1 saw, on lid. 


1 tube pocket. 



mm AxtiTSsi BOX. 



2ooyers. 
10 flints. 
1 gun lock. 

1 prim, irons. 

2 punches. 

2 com. sp^s. 

1 spg. smke. 

2 thb. stalls. 
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YOU} BATTXRY SZEBCISS. 



[PABT 



12 rousn>ER HowrrzEB AmixnaTioK Waggon. 



UMBEB. 



KVim BOX. 



OFT BOX. 



IS shraimell, 
InStien. 



73 ftucff, in 

4buiMl]4!S. 



Slow match. 

6portflrei, 
ouUd. 



0ihrmpiielL 



18 Ulb. e 
tridgii. 



18 41 01. 
bunton. 



quick mBtch. 



MZSDLS BOX. 


1 wuher. 


1 Hnchpin. 


ScouplM. 





2 common 
shells. 

4 common 

CMC. 

18 l|n>. car- 
tridges. 

14 4ioz. 
bursters. 

6 portfires. 



12comiD 

shells, ii 

tieia. 

17 con* 
fiuei 

slow mi 

I shell « 

100 tA 

Itabeptc! 



yoBX 



16 sets of horse^hoea. 



BOX. 



16 sets of horse-shoes. 



16 shrapnel], in 
2 tiers. 



8 IJIb. cartridgea, 
over. 



M fhzes in 2 
bundles. 



28 U cartridges. 

32 4|0K. bursters. 

quick match. 



16 shrapnell, in 
2 tiers. 



64fiize8in2 
bundles. 



slow match. 



Hnn> BOX. 



16 common shells, 
in 2 tiers. 



84 common ftuea. 



100 flannel cartridges, 
empty. 



28 lilb. cartridges. 



28 6oz. bursters. 



I 



4 com. shells ") „« j«, 
4 carcasses i°^^«'- 

8 c<Mnmon shells, 
above. 

1 skein Hambro' line. 

1 skein marline. 

1 rammer head. 

1 ipunge head. 



\ 



\ 






^ 1 1 I 



ilLtlhlliliivijiit 






?l^ , 






i. 
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8&C 34. Weight of JSamesSj Appointments^ OrdncMce^ and 
Carriages, &c., of a Field battery equipped. 

Habness. Bt. lb. 

Riding set, with head-collar and chain 4 8 

Driver, in marching order, (including great 

coat and apron) 12 3 



Lead 



Wheel 



Total weight carried by riding horse... 16 11 

Off set, with head-collar, chain, &c., and 

man's kitt 5 4 

Riding set, with head-collar and chain 5 

Driver, in marching order, (including great 

coat and apron) 12 3 

Total weight carried by riding horse... 17 3 

Off set, with head-collar, chain, &c., and 

man's kitt 6 2 

Mounted N. C. officers' appointments, in- 
cluding ^eat coat, apron, and kitt 5 2 

Non-commissioned officer 12 10 



Total weight carried by horse 17 12 

The average weight of an Artillery horse is 10 cwt. 2 qrs. 
Cabriaoes, Ordnance, and Appointments. 





12 pounder. 


9 ponnder. 


24poimder 
howitzer. 


12 ponnder 
howitzer. 


Light 
6 pounder. 


Letniage^and 


cwt. 
39 


3 


qrs. lb. 

2 16 

3 14 
3 17 


cwt. 
33 


3 


qrs. lb. 
123 

3 10 
3 20 


cwt. 
32 


4 


qrs. lb. 
3 3 

226 
3 25 


cwt. qrs. lb. 
24 2 7 

223 
3 3 15 


cwt qrs. lb. 
23 8 11 

3 2 
3 2 16 


1 anns, in- 
nehing tools. 


omiitioiif &c. 


Totel 


44 


1 18 


38 


26 


38 


1 26 


29 17 


27 1 1 


pgoii'UmbOT ft 
^, including 

es, intrench- 

tools, spare 

16 shoes, &c. 


19 

4 

11 


1 14 

7 
3 26 


19 

4 

10 


026 

7 
3 16 


17 

4 

12 


026 

7 
6 


17 26 

4 7 
10 1 9 


18 2 26 

4 7 
10 2 8 


Total 

/ 


36 


x«j 


34 


21 


33 


1 9 


I ai ^la 


\ ^ W^ 



130 



HOBSB ABTHiLEBY, EHBABKATION. [PABT YI- 



A 9 pounder with six horses can, without distressing the 
horses, march aboat fonr miles in an hour and a half, eight miles 
in four hours, and sixteen miles in ten hours. 



TBOOP OF HOBSE ABTILLERT. 

Four 6 Pounder guns — ^Two 12 Pounder Howitzers. 
Detail for embarhxtum^ 1854. 



2 Captains. 

3 Lieutenants. 

1 Assistant Surgeon. 
16 N.C. officers. 
80 Ghmners 
77 Drivers. 

1 Trumpeter. 

1 Farrier and carriage smith. 
^ ( Shoeing and 

\ carriage smiths. 

2 Collar makers. 
2 Wheelers. 



Horses. 
Officers 13 

Troop. -T?^^^ ^ 



^™P-lDrivi£g 110 

Spare 18 

Total 195 



188 Total. 



Caarriagea. 

4 Light 6 Prs. 

2 12 Pr. Howitzers. 

5 6 Pr. Ammunition wag- 

gons. 
4 12 Pr. Howitzer do. 
1 6 Pr. Bocket carriage. 
1 Forge. 

1 Store limber waggon. 
1 Do. Cart. 
1 Spare Gun carriage (un 

horsed.) 

Total 20 carriages. 



PAST VI.] FIELD BATTEKT, EHBARKATION. 



riELD BATTERT. 

24 Pr. HowiUBM, and 9 Pr. Guns 
Delaaformbarkalion, 1854. 



(5: 
a 
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}!i 


1 


Jlii 
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1 


a 




11 




1 


1 


e 


ifi 


18 

36 


33 

3 

1 


1 


« 


le 
ee 



s 

13 

10 

►16 

8 


S\4. 


11 


1 


1 


1 , e 


16 
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4 
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1 
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liii 




3 


1 


1 1 


1 
1 


1 


6 3 1 10 


£ 


15 


' 
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3 
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BALL CABTBIDGE BRIGADE. [PABT YI. 



Ball Cartbidoe Bbioade. — ^Equipment. 



Officers 

N.C. Officers 

Artificers 

Trumpeters 

Spare 

gg /Ball cartridge 
1 waggons ... 
2 Store waggons 
2 Forge waggons 
2 Store cart car- 
riages 


Sets of 
horse 
appoint- 
ments. 


Harness. 
Two to each set. 


Horses. 


Wheeler. 


Leader. 


Billing. 


Draught. 


5 • 

6 

2 

2 

2 


36 

2 
2 

2 

1 


36 

4 
4 

2 


10 
6 
2 
2 
2 


144 

12 
12 

4 
6 


xia.goo 

Spare 


Total 


17 43 


46 


22 


178 



CONGREYE BOCKETS. 

Bockets may be of great use when a disembarkation of troops 
takes place in presence of an enemy, since Kocket men can land 
witb the first party of Infantry, and commence firing before any 
guns can be brougnt into position. Kockets will not only be use- 
nil against masses of Cayalry, and squares of Infantry, but, when 
guns cannot be brought up, may be of material benefit in dis- 
lodging an enemy from villages or houses, which could not be ap- 
proached by Infantry alone without a considerable loss of men, 
and chance ot failure. The larger rockets are of great service in 
bombardments and sieges. 

Congreve Rockets are of four different natures — viz., 24 
pounders, 12 pounders, 6 pounders, and 3 pounders. The cases are 
of wrought iron, and the rockets are driven upon the same principle 
as Signal rockets. Congreve rockets may be used either as snot 
or shell-rockets, and the shell may be made to burst either at long 
or short ranges. Each rocket is fitted with a fuze screwed into 
the base of the shell ; this fuze is as long as the size of the shell 
will admit of, so as to leave sufficient space between the end of it 
and the inner surface of the shell, for putting in the bursting- 
powder, and the end of the fuze is capped to serve as a guide m 
the insertion of the boring-bit. There is a hole in the apex of the 
shell, secured by a screw metal plug, for putting in the bursting- 
powder, and for boring, accordinff to the different ranges at which 
jt may be required to Durst the snell. 



PART VI.] CONOBEYE ROCKETS. 133 



ON FmiNG BOCKETS. 

If the Rocket is to be used as a Shot-rocket, the only thing to 
be attended to is, to take care that there is no powder in the shells, 
and that the ping is secured in the plug-hole. If the rocket is to 
be used as a shell-rocket at the longest range, the plug is to be 
taken out, and the shell filled, the fuze left at its full length, and 
the plug replaced. If at the shortest range, the fuze is to be en- 
tirely bored through, and the rocket composition bored to within 
an inch and a half of the top of the cone in the 24 pounder rocket, 
and to within one inch in the 12, 6, and 3 pounder rockets. The 
distances from the surface of the shell to the top of the cone, and 
from the surface of the shell to the end of the fuze, and also, the 
length of the fuze being fixed and known, the place on the boring- 
bit at which to screw the stopper, whether for various lengths of 
fuzes, or lengths of rocket composition to be left over the cone, is 
easily determined ; these distances are marked on the brass scales 
for each nature of rocket, and the length of rocket composition 
available for boring into, and the lengths of fuze, are also set off 
and subdivided into tenths of an inch. 

ELEVATIONS, RANGES, AND LENGTHS OF FUZE. 

The 24 pounder and 12 pounder rockets are very destructive 
against troops from 800 to 1000 yards ; against buildings, &c., 
firom 600 to 600 yards. With 6 pounders about 300 yards, and 
never at a greater range than 600 or 700 yards. 

The range and elevation of a 12 pounder rocket is 10 degrees 
of elevation for 600 yards, and 1 degree more is given for each 
additional 100 yards, as far as 1260 yards, the elevation for 
which will be 16 degrees. ^ 

The range and elevation of a 6 pounder rocket is 7| degrees 
for 400 yards, and as far as 700 yards 1 degree for each 100 
yards ; and from 700 to 1250 yards, half a degree increases the 
range about 100 yards. 

24 pounders. — ^If the whole length of fuze is left in the shell, 
the rocket may be expected to burst at from 3300 to 3700 yards ; 
elevation, 47 degrees. 

If the whole of the fuze composition is bored out, and the 
rocket composition left entire, the shell may be expected to burst 
at about 2000 yards ; elevation, 27 degrees. 

K the rocket composition be bored to within 1'5 inch of the 
top of the cone, the shell may be expected to burst at about 700 
yards ; elevation, 17 degrees. 

12 pounders. — K the whole length of fuze be left in the shell, 
the rocket may be expected to burst at about 3000 yards; eleva- 
tion, 40 degrees. 

If the whole of the fuze composition ia "boxe^ oxjA., wA ^<5k 
rocket composition left entire, the shell may \)q ex^Q^A^XA'Wc^X* 
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at about 1300 yards ; elevation, 15 degrees. If the rocket com- 
position be bored to within one inch of the top of the cone, the 
shell may be expected to burst at about 500 yards ; elevation, 
9 degrees. 

6 pounders. — ^If the whole length of fuze be left in the shell, 
the roctet may be expected to burst at about 2300 jards ; eleva- 
tion, 37 degrees. If the whole of the fuze composition be bored 
out, and the rocket composition be left entire, the shell may be 
expected to burst at about 950 yards ; elevation, 13f degrees. K 
the rocket composition be bored to within one inch of the top of 
the cone, the shell may be expected to burst at about 500 yards ; 
elevation, 9J degrees. 

3 pounders. — ^If the whole length of the fuze be left in the 
shell, the rocket may be expected to burst at about 1850 vards ; 
elevation, 25 degrees. K the whole of the ftize composition be 
bored out, and the rocket composition be left entire, the shell may 
be expected to burst at about 750 yards ; elevation, 10 degrees, u 
the rocket composition be bored to within one inch of the top of 
the cone, the shell may be expected to burst at about 500 yards ; 
elevation, 8 degrees. 

Banges, and Elevation of Congreve rockets. 



Ranges. 


Elevation. 


12 Founder. 


6 Founder. 


yards. 

400 

500 

600 

700 

800 

900 

1000 

1100 

1200 

1250 


degrees. 

1 

11 

12 

13 

14 

14 

15 

16 


minutes. 


30 
45 
30 


45 


degrees. 

7 

8 

9 

10 
11 
11 
12 
13 
14 
14 


minutes. 
45 
45 
45 
30 
15 
45 
30 
15 

30 



When the wind is just in front, half a degree must be added 
to these elevations ; and when in the rear, the same must be de- 
ducted. 

Rockets are always laid to leeward, in proportion to the 
strength of the wind, and distance of the object. 

Land-service Congreve locketa axe ^xe^ 'mXk «. ijortfire ; and 
Sea-service rockets with a peTCUBSVoii tvxV» wi^Vwrnsast. 



PAST TI.] 
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P BOCKET BQViniSNTE. 



BuTitinp-potDder, fine grein, in bagi, marked according to 
ths nature of tbe rocket. 

Ftamdt for loading tlio eheUs. Borinyfcifs, or Braee». 

BoringhiU, of the eame diameter as the fuze compodtioD, 
fitted vrilb DrasB ^aduated scales, 

Tanuerew-bit for the plug. Oreaie for the boring-bite. 

In Field Service, the bnrsteiB are carried in the limher- 
boiea, in can^aB cartouches, and the small stores in a box on the 
body of a carriage opposite, and corresponding to the Blow-match 
box. 



KocketCa, 


rrmV ^' 


B^. 


EiKiet Cirriigq. 1 merki. | 


1 


1 
1 


1 


. 


i 

1 


' 


1 




1 




1 

1 


1 1 


■ i 

ii 


tube,' 


• 


£22 


SIS 


a 


1 


Weigh! 
RcH..kBt 

wben 
01b, 53^ 


■ 


IM 


IM 


1 




W.,ht 
liPr. 

•then 

Silt 



Length of 6 pr. rocket and stick, 8 ft. 3} in. 
„ 12 „ ,, 10fl.9iin. 

Total weight of each rocket carriage 37 cwt. 



No. 1 



iuiM. 



„ !. ElevateB, traTersee, and loads, 

„ 3. Traverses, and loads. 

„ 4. Prepares, brings up rockets, and 

„ 5. Prapares, brings up rockets, and 

FOSM THE OBDEB Or KABCH — LeFT 

Action feobt (( 






, -Take post — Elevate — Hut 

,._ i-BPi) — Ham — Take post — ha.U)-~ 

Bamo DP eocket — Take post — Beadt — Fue. 
To unload, at exercise. 
Uhuiad tue tube — Tahb post — AcnoH ugb:! (,*«. \a»i\ — 
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24 Pounder rocket, 

"Weight of frame . . . . 1171b. 

„ tube .... 81 lb. ; length, 15 feet. 

„ case, with shell 11^ lb; |, 2 feet. 

„ shell .... 5ilb. 

„ stick .... 7jlb. ; „ 11 J feet. 

Interior diameter of case 3*3 inches. 

1 Non-commissioned officer, and 6 men. 
To carry the frame — ^To put the frame together. 
Baise the fbame — ^Beeye the guys — Sling the tube — ^Fn 
THE angle — ^Adjust the frame — ^Load— Trayerse, when 
necessary — ^Eleyate, when necessary — ^Prime — Fire — ^Pre- 
pare TO RAISE THE FRAME, whcn required, to the high order 

— ^LOWER THE FRAME, AND JOIN THE LEGS — ^BaiSE THE 

FRAME — ^Adjust the frame. 

To strike the frame. 
Prepare to strike the frame — Strike the frame. 



ON THE INTEBIOB MANAGEMENT OF A 

BATTEBY. 

1. The greatest care should be paid to the fittings of the 
saddles and collars ; extensiYe sore backs and galled shoulder arise 
chiefly from neglect on the march : and by prompt attention on 
the part of the ofiBcers, many horses may oe preserYed to the 
service, which would otherwise be disabled for months. The 
drivers should never be suffered to lounge in their saddles, or to 
sit uneven. A folded blanket under the saddle is found to be the 
best preventive of sore backs, as it adapts the shape of the saddle 
to anv loss of flesh in the animal. 

On long marches, the shaft horse should invariably be pro- 
vided with a half blanket under the pad saddle; every dnver 
should also have attached to his harness a pair of pads of basil 
leather, about six inches by four, stuffed with hair; and the 
moment any tenderness is perceived in a horse's shoidder, the 
pressure should be relieved by placing the pads above and below 
the tender part. 

2. On a march, there will always be an advanced and rear 
guard ; the advanced guard of one day becoming the rear guard 
of the next. On arriving on the CTOund where the battery is to 
be parked, the advanced guard will immediately pitch their tent, 
and post sentinels. When the battery quits its ground, the non- 
commissioned ofBcer of the guard is responsible that nothing be 
left behind. 

3. When a battery is to march, the camp-kettles, and every- 
thine;' that will not be required \)e{oTQ xcioTiivii^^ Ehould be lashed 

en the carri&gea at sun-set. 
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4. In parking guns, the usual interval is ten or twelve paces ; 
but on a march, that eveiything may be better under the eye of 
the sentinels, the intervals may be diminished to three or four 
paces. The guns are to be in the first line, covered by their 
respective waggons ; the spare ammunition and store carriages in 
the third line. The tents of the detachment are sometimes on 
the flanks of the battery, and sometimes in rear of their respective 
sub-divisions : the ofi&cers in rear of the battery. The horses are 
sometimes picketed in rear of the whole, and parallel to the line 
of guns, and sometimes perpendicular to this line, and on the 
flai^ between the detachments, tents, and the carriages ; but in 
general, the form of encamping will depend on the nature of the 
ground and local circumstances. In every situation the approach 
to the park, and the road by which the guns are brought out, 
should be kept clear and open. 

6. If the battery is parked in hot weather, the naves of the 
wheels must be defended as much as possible from the effect of 
the sun, by sods or other covering. 

6. When a battery arrives in camp, quarters, or canton- 
ments, each non-commissioned ofi&cer will immediately examine 
every part of the carriages of his sub-division, especially the 
wheels, to the greasing of which he will attend. Any damages 
to be repaired without delay, he will report to the ofi&cer of his 
division, who will report to the commander of the battery. 

7. When a battery is in stationary quarters, there must be a 
weekly inspection of every part of the oattery, and a parade in 
marching order, when circumstances will permit ; at which parade, 
every part of the harness and appointments of gunners and drivers 
is expected to be in the best order. Particular attention should 
be paid to the state of the ammunition, which should be frequently 
aired ; and no fresh ammunition should ever be received without 
being gauged to the guns. 

8. The drivers must immediately report any loss or breakage 
of their harness ; and, on the instant, make known to the non- 
commissioned of&cer of the sub-division, any gall or other hurt 
which may have happened to the horses committed to their 
char^ : anv neglect on this point must be punished. Airing and 
beatmg witn a knotted rope the stuffing of the collars and saddles 
is an important part of the driver's duty, which should never be 
omitted on continued marches. In camp, greasy heels are the 
most common disability which horses labour tmder ; and as they 
proceed from cold, occasioning humours to settle, the best preven- 
tive is hand-rubbing and exercise, to keep up a circulation. 

9. Unless for some particular purpose, the elevating screws 
should never be raised higher than the half of their lengtn ; on a 
march, they should be covered with a piece of canvas, or an 
old flannel cartridge, which will prevent their beva^ clQ^'^'gi^ 
with dirt; and the travelling chain should be alvf^i^f^ q.y^\v^^^ 
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The pintail, and the trail plate eye should be greased preYioos to 
marching. 

10. After a field day, or an action, the bores of the gons 
should be washed, and then laid under metal. 

11. If a wheel be so disabled as not to be worth repairing, 
the nave, if not damaged, should be at any rate saved. If the 
nave be good, a new wheel can easily be made from materials 
perhaps found on the spot, but it is very difficult to find a nave. 

12. In marching in ordinary circumstances, the officer next 
for duty will always proceed in advance, to take up quarters, and 
to choose ground for parking, or encamping on ; and the officer on 
duty for the day will always march in, and bring up the rear. 

13. When a battery is to march, and " Boot and sctddU " 
has been sounded, the officer of the day, the non-commissioned 
officers, drivers, and horses will turn out, and immediately proceed 
to the park and put-to; if encamped, tents to be struck, and 
lashed to the carriages. At the sound " Turn ovt" the whole of 
the officers, non-commissioned officers, and gunners, repair to the 
park ; and when the usual inspections have been made, and the 
regular reports delivered to the commander, the battery will be 
marched on. 

14. Feeding will always take place three times a day at die 
park, under the inspection of the officer of the day ; wnen the 
nose-bags have been filled by the non-commissioned officer in 
charge of the forage, the trumpeter is to sound " Feed" the nose- 
bags are put on, and the drivers fall in, in front ; after the feed, 
the nose bags are rolled up and buckled on. 

15. A non-commissioned officer is to have charge of and serve 
out the com and forage, which for security will be deposited at the 
park guard ; but on a march, when the com is carried on the 
ammunition waggons, no more com should be taken ofif the carriage! 
than is likely to be wanted. 

16. Buckets are provided for watering the horses on a 
march ; by this means they can be watered from wells or places 
inaccessible to the animals, or at least to more than one or two of 
them at a time : but the operation is a long one. If on a much 
a small river or stream of water is to be forded, this opportmiity 
of watering them, or at any rate of giving them a monthfril m 
water in crossing it, should be seized: it saves much time. 
Should the stream, however, be very rapid, or deep, or shoold 
there be troops immediately in the rear, no halt should be made 
in fordingit. 

17. The Serjeant-major is to superintend allparades and 
drills, under the inspection of the officer on duty. Tne Qttarter- 
master serjeant is to draw provisions and forage ; he is to uuJkB 
out returns, and have charge of the spare stores. 

18. The Trumpeter is always to be quartered in the nearest 
billet to the commanding o&ceT', and. tVi<& men and horses of each 
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sab-diyision and division to be as near together as possible. A 
gonner from each sub-division, or a gunner of the guard, is to be 
made acquainted with the quarters of the commander of the 
battery, mat in any emergency there may be no delay in finding 
him out : the same apphes to the officers of divisions as far as 
their divisions are concerned. 

19. The Farrier is to report every evening to the com- 
manding officer the state of the sick animals ; and on the , 

(the particular days to be mentioned) a return, in writing, of the 
number of horse (and mule, if any) shoes, and quantity of horse 
medicines expended. 

20. The senior Collar-maker, the Johbingsmith, and the 

Wheeler, to make similar reports of the stores expended in their 

several departments : these reports to be delivered to the ser- 

jeant-major, to be laid by him before the commander of the 

battery. 

21. The Artificers are to work as near as possible to the 
park guard, the non-commissioned officer of which is responsible 
^t no work is done, or horse shod, except for the battery, with- 
out written permission from the commander. 

22. The Forge, when employed, should be removed to a 
proper distance from the park. It should, at night, be brought 
back to its place, and everything arranged on it, so that, should 
the battery be suddenly ordered to march, there may be no delay. 



EMBARKING, AND DISEMBARKING. 

The following directions will be found applicable to nearly all 
the cases likely to occur : such as embarkii^g, or disembarking 
from a beach ; from a wharf; with, or without boats ; in presence 
of an enemy, &c., &c. 

Sec. 39.* Emharhing Quns, and Carriages. 

Reparations. 

1. On the arrival of the battery at the place of embarkation, 
it is to be drawn up in as compact order as is consistent with the 
performance of the operations required. The horses are to be 
ti^en out; the harness taken off and packed in vats, and the 
stores in cases. When there are no vats and cases the stores 
must be secured to the carriages or tied together : the intrenching 
tools may remain with the carriages. The non-commissioned 
officers in charge of sub-divisions will attach to their harness and 
stores, pieces of basil having the number of their sub-divisions 
written upon them. The harness for each carriage should be em- 
barked with it. 

• From "Field Batteiy Exercise." 
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2. The gun detachments will prepare the carriages for em- 
barkation. They will take off the side armis and secure them 
'together, take out the elevating screws, unkey the capsquares, un- 
lash the ammunition boxes, and coil up the lashing ropes. Each 
carriage, when called for, is to be run forward to the boat or crane ; 
the gun is to be unlimbered and dismounted ; the ammunition 
boxes, shafts, wheels, &c., to be taken off; the washers and linch- 
pins must be carefully put away in the slow match box, and in 
the small box between the limber boxes. Every article must be 
stowed away with the greatest care, and arranged so as to be got 
at without delay. 

3. Those articles which will be the last required when dis- 
embarking are the first to be embarked. The divisions, and 
everything belonging to them, should be kept together as much as 
possible. The first to be embarked are the spare carriages and 
forge, which are to be stowed forward, the left division next to 
them, and before the main hatchway ; the centre abaft the hatch- 
way; the right under the hatchway. The whole of the guns 
are put together, generally in the bottom of the hold, yente 
turned downwards, and a fid in them, to prevent their being 
choked. 

4. When a battery is embarked in different vessels, every 
part should be complete, and a proportion of general stores be on 
t)oard of each. If the voyage is likely to last some days, the 
cartouches with the ammimition must be taken out of the boxes, 
and stowed in the magazine. The ammunition must be so placed 
that whatever part belongs to any particular carriage may be 
got at without difficulty. When the cartouches are not taken 
out, the boxes must be stowed well afb in the hold, or between 
decks, and they should be well covered with wadmilltilts, or hair 
cloths. 

5. In embarking from a beach, it may be necessary to erect 
small sheers, made of a couple of top gallant masts, previously pre- 
pared for the purpose. In embarking from a whan, if there are 
cranes, they should be made use of. If boats are employed, tiie 
loads must be regulated by the state of the weather, and distance 
of the vessels. 

Embarking the horses. 

6. When the vessels can come alongside a wharf, the horses 
are hoisted in by means of tackle. The slings, made of canvas, 
should be minutely inspected, to see that they are secure. There 
must be a double guy made fast to the horse's head, one end oo 
shore, the other on board, to keep his head steady. A shoeing 
smith should be in each ship, to receive the horses. 

7. A horse requires at least four men besides the driver to 
sling him, one on each side, one at his breast, and one behind. 

One end of the sling is passed undei \v\ft belly, and both ends made 
to meet over hia back ; one man paaBe^Yti^ vcMi^ V2taQ\^^^^ Q\]b»x^ 
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it is received by tbe man on the other side, who hauls it through, 
hooking the tackle to it, both men holding up the ends of the sling. 
The men at the breast and behind bring their ropes round, and 
make them fast to the grummets. The driver holds the horse's 
head, and makes fast the guys to it. The horse bein^ previously 
blindfolded, the word "Hoist Away," is given, and he is hoisted on 
board. The sling is then taken ofi^ and ne is led to his place ; the 
first horses being always placed forward or aft, as the ship fills ; 
the stalls nearest the hatchway being reserved for the horses 
which are to be first landed. 

8. The horses are to be embarked in the same order as the 
carriages, taking care that the officers' and non-commissioned offi- 
cers* horses are on board with the divisions to which they belong. 
Tlie farriers, and shoeing smiths should be distributed in different 
ships. 

9. When horses are embarked in boats, sheers, or a derrick, 
are necessary. The head of the derrick must incline inwards when 
the horse is rising, but when he is high enough, the head of the 
derrick or sheers must be forced out, to bring the horse over the 
boat. This applies to a beach, or wharf. Sand, or straw should be 
put in the boats, to prevent the horses slipping. They should 
stand athwart, the head of one horse being on the starboard, and 
the head of the next on the larboard side. The drivers sit on the 
gunwale, or stand between the horses. 

10. When horses are embarked from an open beach with- 
out any appliances, they are to be led to the boat, and the halter 
given to one of the men in it. The horse must then be made to 
waUc or leap into it, the gunwale of the boat being inclined towards 
the shore. A quiet horse should first be embarked, and the others 
wOl more readily follow. 

11. In embarking in presence of an enemy, the horses and 
carriages should first be embarked, the guns being retained to the 
last, to repel any attack. If the position be a mile or two from 
the place of embarkation, it may be necessary to retain a portion 
of the horses. 



APPLICATION OF FIELD ARTILLERY.* 

General Bemarks. 

1. In a defensive position, the guns of the largest calibre 
should be posted on the weakest points of the line, and on those 
from whence the enemy can be discovered at the greatest distance. 
Those heights on which the enemy in advancing may rest his 
flanks, and those from whence he may be fired upon obliquely, 
must also be occupied by the largest calibres. 

• From "JRfeld Battery Exercise." 
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2. In an offensive position, tlie guns of tlie heaviest calibre 
should be placed in such situations as will render them available, 
without difficulfy, for any operations in advance. In heavj 
ground, a nine or twelve pounder battery, when coming into action, 
should reverse, when it will be only necessary to drop the trail, 
instead of carrying it round by hand. 

3. The guns should be placed as much as possible mider 
cover ; this is easily done on heights, by keeping them so far back 
that the muzzles are only to be seen over them. By proper atten- 
tion, advantage may be taken of many situations, such as banks, 
ditches, &c. 

4. Artillery in the field should be concealed from the enemy, 
till the very moment it is to open ; the guns may be masked by 
being a little retired, or by bemg covered with troops, particularly 
by cavalry. 

Ammunition waggons. 

5. No positive rale can be laid down for all cases, with 
respect to the ammunition waggons in presence of an enemy : this 
must depend on a variety of circumstances ; but in general it wiD 
be found expedient to place them under charge of an officer, who 
will conform to the movements of the main body, in such a man- 
ner and at such distance, as to enable him to supply the guns 
with anmiunition, before that which is in the limbers is ex- 
pended. 

6. The spot selected for a battery should be one which does 
not present any obstacles to the idterior movements. 

7. The most elevated situations are not the best; the great- 
est effect may be produced at a distance of six hundred yards, from 
a height of thirty or forty yards ; and at two hundred yards dis- 
tance from a height of sixteen. 

8. Bound shot should be used from three hundred yards, 
upwards. The use of case should begin at three hundred, and the 
quickness of fire increase as the range diminishes. 

9. Double charges of case may be used at one hundred and 
fifty or one hundred and sixty yards. Shrapnell shells should not 
be used at a less range than six hundred and fifty yards. 

10. The guns should never be abandoned till the last extre- 
mity ; the last discharges are the most destructive. 

On the March. 

1. Intelligent non-commissioned officera should be sent to 
reconnoitre a road or ground that artillery is to pass OTer, and, 
when necessary, to report the state of it. When the march is 
connected with military operations, an officer should always be 
employed for this duty. 

2. The officers of divisions should frequently halt, to see 
that their carriages are marehing in proper order, and are 
well up. 

3, The strictest atten^oii H\iovi\!i ^^i^Usitly be paid to the 
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correct preservation of distances, the loss of whicli may be made 
np by small bodies of artillery ; but when in large bodies, or when 
acting with infantry, the operation is attended with serious dis- 
advantage, particularly to the latter ; it is a point, therefore, which 
cannot be too strongly insisted upon, being one of most essential 
consequence. 

Advanced Guard. 

4. A battery marching by itself should always have an ad- 
vanced guard. In a narrow road it should be considerably in 
front, to stop all carriages which might cause obstruction. In a 
hilly road, it should reconnoitre the top of every hill, and see that 
it is all clear before the guns come up. 

5. Parties should always be sent out on each flank. 

6. When an accident happens to a carriage, either on the 
march, or manoeuvring, those in its rear should pass it on the most 
convenient flank, and fill up its interval. It will resume its place 
as soon as the damage is repaired. A waggon belonging to a 
disabled gun should ^ways remain with it ; but a gun must not 
wait for its disabled waggon, but leave only a sufficient number of 
men to put it into a proper state. 

Crossing Fords. 

1. Artillery can cross a river about three and a half feet 
deep, though much depends on the strength of the current. The 
ammunition boxes are so well made that the water will seldom 
penetrate through them, particularly if the river be narrow, and 
the guns pass quickly. The canvas cartouches afford additional 
protection, and they may be taken out if necessary. 

2. When the water is deep, and the current strong, great 
attention must be paid in fording. The person conducting the 
column over a direct ford, should keep his eye steadily on an ob- 
ject on the opposite bank, which points out where the ford is ; he 
must never look at the stream, which would deceive him, and 
would appear to carry him down, and he would endeavour to keep 
too lugh up the stream, and miss the ford. 

3. All those in the rear should keep their eyes on those in 
front ; every individual should wade rather against the stream, in 
order to resist its power. 

4. Troops should always cross a ford with the largest pos- 
sible front, for the same reason. 

5. If the ford is not well known, and there is no guide, it 
should be previously examined, and the dangerous places marked. 
In fording, the horses should neither be idlowed to trot, halt, or 
drink. 

Passage of military bridges. 

1. Great attention and caution are required in pasam^ ^"^^t 
pontoon bridges, the vibratory motion of which la very ^t^^^^tq-^qa^ 
and should be lessened by every possible means. 
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2. The troops, in passing, should not preserve an equal 
pace. There should be no halt on the bridge. As soon as 
me bridge is perceived to rock, the passage of the troops must 
be stopped. 

3. The greatest precaution is necessary to prevent accidents 
in tide rivers at low water. Unless battens are nailed across the 
chesses on the slopes, the horses will have the greatest difficulty 
in keeping their feet, indeed if the chesses be wet it will be im- 
possible ; me men must therefore always assist ; holding on when 
going down, and manning the wheels when going up. 

4. The drivers must in some cases dismount, and an interval 
must be left between the carriages equal to their own length; 
they must be passed over gently. In wet weather over chesses, 
great care must be taken to prevent the horses slipping. It may 
sometimes be necessary, unless the bridge be strong, to pass the 
carriages and horses over separately. 

5. In passing over a flying brid^, it may occasionally be 
advisable to take the horses out : and m boisterous weather, or at 
night, the wheels should be locked. 

Crossing a bridge^ and passing a dejUe. 

1. The battery should always pass with the largest front 
possible. 

2. The artilleiy must be previously posted to the right and 
left of the bridge ; if it be flat and that the other side can be seen, 
a gun or two should be placed on each side, and close to the road 
le^ing to it ; these guns should cross first and come into action 
on the other side, the remaining guns continue in action and fol- 
low \ij degrees ; they should be posted at such a distance firom the 
bridge, that they may keep up a fire while the others are citMsiDg 
and forming. 

Advancing through a defile. 

3. A defile should be passed as quickly as possible, as it is 
a much more hazardous operation than crossing a bridge. Artil- 
lery can seldom be made available till it has passed the defile ; 
whereas it can generally be employed in^ clearing the oppoule 
bank of a river, previous to the troops pushing across. 

Over a bridge. 

4. In retreating over a bridge, the artillery will gradually 
close in from the flanks of the troops, till all the guns are in line in 
front of the bridge. They will cross by degrees ; the flank guns 
will generally cross under the protection of the centre ones ; they 
may retire limbered up, taking up their position and coming into 
action to the right and left of tne bridge, to protect the centre 
jgruns, which will retire with the prolon^e and with the largest 
iront possible. They may halt on the highest part, or middle of 
Me bridge, and keep the enemy in c\ie^« 
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Metiring through a defile. 

5. A battery should retire from one of its flanks under the 
protection of the other ; the covering guns retiring with the largest 
front possible. 

6. Should the defile be wide, and there are any favourable 
situations in it, they should be taken advantage of, and guns 
posted to protect the retreat of the others. The situations must 
be such as the guns can retire from, and continue the retreat with- 
out difficulty. 

7. When artillery is retiring along a road, or through a 
defile which is hilly, some of the guns should halt on the tops of 
the hills, and protect the retreat of those in the hollow. In these 
cases, round shot may be fired with safety to the troops retreating, 
and perhaps with good effect against an enemy. 

8. The guns which are retreating, may pass those in posi- 
tion without halting ; they will take up other positions, the whole 
retreating alternately. 

9. In retreating towards a defile, the artillery maj^ retire in 
line, or by half batteries, or by divisions ; forming new lines and 
retreating again ; or it may retreat alternately ; or in echellon 
from either flank. This must depend on the nature of the ground, 
and the flank on which the enemy may be. 

10. In these retrograde movements, the ammunition waggons 
must be sent to the rear. One or two may be kept nearer than 
the others, to supply ammunition. 

ArtUleryy acting with other troops. 

1. The artillery should always cover the troops when ad- 
vancing, retiring, or deploying into line. 

2. When the line retires by alternate companies, wings, or 
battalions, iJie artillery must remain with that part of it which is 
nearest the enemy ; retiring with the prolonge, and halting when 
it arrives at the halted part of the line. 

In column. 

3. When the troops are in column, the artillery should be on 
the flank. 

4. When a line of troops wheels backward into con mn, the 
artiliery break into column, and close to the reverse flank, so as 
not to interrupt the line of pivots. 



ENCAMPING, AND PICKETING. 

* Sec. 29. First method. 

The battery being formed in line, at full intervals, the 
horses are picketed, and the tents pitched in rear. 



* From "Field Battery Exerciie,*' &Q. 
L 
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Prepare to encamp^ and picket. 

At ti^ word I^BPABK TO Encamp, avd Picket, the 
diiverfl dismount and unhook ; the markers take np an alignment 
twelve yards in rear of the battery, and facing it, for the line of 
pickets ; the marker of the centre division m tlie centre ; the 
others extend froBi him the number of jards there are horses in 
each half battery. One staff seijeant ten vards in rear of the 
centre marker indicates the alignment for the men's tents. The 
second staff serjeant twenty yards in rear of the other, to mark 
the n>ot for the captain's marquee. Nos. 1 and 6 vnlash tents ; 4 
and 5 of each subdivision are told off for the marquee ; 2, 3, 7, 
and 8 take a picket each, 9 a maul, and the wheel drivers a picket 
line. 

JSncampj and picket* 

At the word JSncamp, ani> Picket, the mmibers with the 
pickets form on the centre marker, facing to the front, the numben 
with the mauls in front of and facing them. 

The staff officer gives Outwards Facb~--Quick Mabch, 
when the men with pickets extend outwards, dividhig themsehet 
at equal distance along the alignment taken up bv the markers. 

The staff officer dresses them, and gives the word Steady, 
when the numbers with the mauls commence to drive the pickets. 

The markers dismount, and assist the wheel drivers in 
making fast the line from centre to flanks, taking two half hitcbee 
round each picket, above and below the hook. 

■The horses are then brought up, the marker's horse of 
the centre division in the centre, the ^are horsea on each side of 
him, the wheelers, centre horses, and the leaders of Hxe centre 
waggon next, and the rest in succession ; the officers' and N.G. 
officers' horses on the flanks of their respective divisiona. 

Fastening ike korses^ 

The horses are fastened by the centre of the collar chains^ 
to the line, taking two half hitches round it ; the T end being 
also passed through the diamond link. 

1^08. 1 take np an alignment ten yards in rear of the 
pickets, for the men's tents. They are dressed bj the staff 
set^eant. 

The centre of the tent is indicated by a peg ; they then 
drive four guy pegs to the front, rear, right, and left, at three yards 
distance from the centre one. Nos. 6 spread out the tents, and fix 
the second cord from each side of the door to the front peg, the 
fifth cord on each ude to the side pees, and the rear cora to the 
rear peg. They then put the tent pole into the canvass, lying on 
the ground. 

Baiae ike tutUa, 

As soon as all is teady, the eommanding officer givwthe 
word Raise the Tents, which is done by Nos. 6. Nos. 1 and 6 
^lien drive in their pegs, and {a&ten. i^ xeonajaaxi^ ^^Td&. 
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JPrepcaring the marqaee. 

The second staff serjeant dismounts, and the position of 
liw marquee is indicated by two pegs, driven at a distance equal 
to the length of the ridge pole, on the spot where his horse stood. 
Nos. 4 and 5 of each sub-division (being detailed for the marquee), 
fall in, and are told off bj the second staff serjeant, from 1 to 12 ; 
M eight men only are required, the remainder are spare. 1, 2, 3, 
and 4 jqnread oat the Toof, the outside on the ground, the door to 
the rear ; 5 and 7 double the lining, lay it on the roof, and put in 
the ridge pole ; 6 and 8 put the stioidards together, and pass them 
through the lining ; 5 and 7 fix the girthing and ridge pole on the 
spikes. The inside being thus arranged, half of the roof is turned 
over in order to prepare the outside. Nos. 1, 2, 3 and 4 fix the 
vases on the spiKes, and take two half hitches roimd them witk 
the centre of each guy. 

The marquee is raised by 5, 6, 7 and 8, at the same time 
as the tents. Nos. 1, 2, 3 and 4 take a guy peg and a mallet 
each, stretch the guys, and fasten them to the pegs in such a 
manner that they cross each other at each side, at the point «f the 
diik, which is painted on the roof ; they then drive m the roof 
pegs, workine round to their left, with their backs to the marquee ; 
the pegs on Sie sides to be driven in a line parallel to the marquee, 
but at the ends in a half circle ; 5 and 6 then hook on the w^ 
from rear to front, overiapping two hooks at the rear, and peg it 
down ; 7 and 8 hook on the lining, and peg it down ; 5, 6, 7 and 
8 ako arrange the door. If there is a second marquee, it is fixed 
in the same manner. 

As soon as the pickets are driven, Nos. 2 and 3 of each 
■alniivision pitch the ^baltems' tents, directed by the staff ser- 
jeant, ten yaras in rear of the men's tents, in the centre of their 
division, the doom to the froiti^ ^&oa. 7 jatch the guard tent, 
twenty yards in front of the centre of the battery, the door to the 
front. 

8ec, 30. Second method. 

The battery being formed in line, at half intervals, the 
horses are picketed, and ^e men^s tents pitched on each ^aak; 
the officers' tents in rear. 

At the ward Pbeparb to Encamp^ ah© Picket, the 
markers of the flank divisions mark twelve yards from the flanks 
of the battery for the line of pickets, facing to the rear. 

At the word Enoamt, and Figkbt, the picket numbers 
of each half battery form on the markers facing the battery ; thr 
numbers of the centre sub-divisions next the markers ; they tarn 
faced to the rear, extended at equal distances, and dresfied by the 
officers of the flank divisions ; the distance they extend must be 
regulated by the number of horses in each half battery ^ Q2iX!c>'m&.% 
one yard for each horse. 

The mcD'a t^nts are ten yards outsidfi o( \\v& '^<^ ^'^ 

1.2 
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pickets, facing tbe horses of their own sub-divisions, dressed by 
the staff Serjeants. 

The subalterns* tents ten yards in rear of the last line of 
carriages, and the commanding officer's marquee ten yards in rear 
of them. 

The guard tent as in tbe first method. 

All the duties of picketing the horses, pitching the tents 
and marquees, are performed by the same nmnoers as detailed in 
the first method. 

Arrangement of the harness. 

If the harness is to be taken off, it is placed in line, ten 
yards behind the horses. The traces, breeching, and collars are 
put inside the pad, which is laid inside the saddle ; and the whole 
IS kept compact by buckling the surcingle of the saddle tight 
round it ; the bridles are laid over the cantles, which are towards 
the horses. 

Sec. 31. To strike the Encampment. 

The horses being harnessed and hooked in, at the word 
Strike Tents, and Pickets, the pickets are struck at once ; the 
tents and marquees prepared for striking by pulling up all the 
pegs except the guy ones. At the word Down, the whole are 
lowered together, and packed up as quick as possible. 

With a brigade of batteries, the commanding officer's 
marquee would be pitched fifteen yards in centre, ana in rear of 
the whole, door to the rear, by the spare marquee men of each 
battery. The pickets and tents of the whole brigade would be 
pitched in line, dressed by the adjutant, and serjeant-major. 

WEIGHT, DIMENSIONS, ETC., OP TENTS. 

captain's masquee. 

ft. in. in. 

Ridge pole, length . . 6 ll^J C 2\ 

Standards, each. . . 8 2 Vin two pieces. •< diameter. . 2* 

Door standards . ..63} ( U 

Mallets, 2. Pinfr— Large, 4 ; SmaU, 96. 
Weight of Marquee complete, 142 lb. 



bubaltebn's mabquee. 
ft. in. 



m. 



Ridge pole, length . .6 3) C % 

Standards, each. . . 8 Vin two pieces. -< diameter % 

Door standards ... 6 1 ) ( ' ' l] 

Mallets, 2. Pma— Lar^, 4-, Small, 76. 
Weight of Marc^uee com^ft\fc, 1^*1 Yt»/ 



3 
6 
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BELL TENT, CIBCULAB. 

ft. in. in. 

Standards, length . .10 3 . in two pieces . diameter 2 
Pins, 40. Mallets, 2. 

Weight of Tent complete, 60 lb. 

LABORATORY TENT, CIRCULAR. 

ft. in. in. 

standards, length. . 16 3 {^j^^*^°} diameter. {T^°P„^ 

Mallets, 2. Kns— Large, 4; Small, 100. 
Weight of Tent complete, 2 cwt. 10 lb. 

LASSO. 

Lasso harness consists of a brown leather surcingle, and one 
trace. The surcingle is rather wider than a common girth, and 
is composed of two pieces (joined together by rings), one of 
which 18 placed oyer the saddle, and the other round the belly of 
the horse. There are also rings at the end of the surcingle, 
which is drawn very firmly round the horse, and fastened tight 
by lapping a white leather thong (fixed at one end of the 
sarcingle) through these rings. Tnere are two descriptions of 
traces, one being 8, and the other 12 feet long. They have 
hooks at each end, and, when the lasso harness is made use of 
by cavalry, &c., to assist draught horses in moving very heavy 
carriages, or in dragging guns, &c., up steep hills, one of these 
hooks is fastened to a ring in the surcingle, and the other to the 
carriage, &c. 

Lasso harness may be advantageously employed with all 
horses ; even those unaccustomed to draught having been found 
perfectly tractable and efi&cient the first time they were required 
to draw by means of the lasso. When two horses are in draught, 
the traces must be inside, and each rider should keep his horse's 
croup a little outwards. 

HORSES. 

The average weight of artilleir horses is 10 cwt. 2 qrs. 

An allowance oi 27 square feet is generally made for each 
horse standing at picket, or three feet in breadth, and nine feet in 
depth.* A horse should seldom be made to draw more than three 
cwt. besides the weight of the carriage. With great burthens, 
less weight must be allowed for each horse to draw than with 
medium Durthens ; as with a team of horses, the leaders cannot draw 
so much as the horses nearer the carriage, and the disadvantage 
must increase in proportion to the lengthening of the team. 



• In the transport of horscB to Turkey (July, 1854), in tYve'Hmv^^^kMA 
Simla steamers, the distance between the upright posts vraa %tV>. \Vn.. Vsi\!gl^ 
dear per boiw, and the length &et. 
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A Team of ^ 



4 horses may each draw 6 cwt. 
6 do. do. 5 do. 

8 do. do. 4 do. 

12 do. do. 4 do. 



Total, 24 cwt. 
30 do. 
36dow 
48 do. 



These weights indnde the carriages. It is usual, however, 
in heavy carriages, to reckon all their weight exceeding twelve 
cwt. as part of the load. 

The most useful mode of ajmlying a horse's power is in 
draught, and the worst is in canymg a load. This is owing to 
the structure of the animal. It has heen found that three men, 
carrying each 1001b., will ascend a hill with greater rapidity than 
one horse carrying 3001b. When a horse has a laree draught in 
a waggon, however, it is found useful to load his ba^ to a certain 
extent, this prevents him from inclining so much forward as he 
would otherwise do, and consequently frees him from the fatigue 
of great muscular actiosL The best disposition of the traces 
in draught is when they are perpendicular to the collar ; whei 
the horse stands at ease, the traces are then inclined to t^ 
horizon, at an angle of about 15° ; but when he leans forward to 
draw, the traces should then become nearly parallel to tiie road. 
The most proper inclination, however, is determined from the 
relation which subsists between the friction, and the pressure, IB 
every particular case. 

When a horse is employed in moving a machine, by tnvel- 
ling in a circular path, the diameter of the path ought not to be 
less than twenty-five, or thirty feet, and in most cases forty fieet 
should be preferred: at all events, it must not be less tksa 
eighteen feet. 

The foUowijig table shows the maximum qttantity of labour, 
which a horse of average strei^^ is capable of performing at 
different velocities, on canals, rauways, and tumjnke roads ; hdk 
in comparing this table with practice at the higher velocities, it 
is reckoned necessary to add one-third more than the usefrd effect, 
for the total mass moved. 






Velocities 


D»y's 


Force o( 


Useful effect per da^ for a diftance 
' of oae inila on a. 


per hour. 


Work. 


tnotioa 


1 












CsasL 


Level railway. 


Level road. 


Milee. 


Hours. 


lb. 


Tons. 


Tons. 


Tons. 


2i 


U-5 


^ 


r 6S0 


lis 


14 


3 


8- 




M8 


08 


IS 


34 


6-9 




153 


82 


10 


4 


4-5 




102 


72 


9 


B 
6 


2-9 


• 831 - 


ff2 
80 


67 
48 


7-1 

6 


7 


1-6 




19 


41 


6*1 


8 


1-8 




12-8 


36 


4*6 


9 


'9 




9 


82 


4 


JO j 


•75 |. 




. 


M 
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Hesult of experim&nii with a b'ght fbur-wlieeled cart, weighing 
with its load 1000 Ih., drawn upon (tifferent sorts of roads, (12ilb. 
having been deducted irom the force of traction for the friction at 
tiie axles, which were of wood.) 

Turnpike-road, hard, dry . 18 ) Force of traction required 
l)o. dirty . . . 26i[to move the carriage, inde- 

Do. new gravelled ISOJ [pendent of the friction at the 

Loose sandy road .... 191 J j axles. 

270^0.— Aa ox can draw about 4 cwt., and a pair of oxen, 9<»7i, on a levd 
load. 

MAlfAGEMBNT OF DBAUGHT HOBSB8. 

WhateTer the difficulties of a road or CTound may be, ten 
horses are as many as can be harnessed with effect to one carriage. 
It ia diffionlt for a greater number to act at the same instant, even 
if the pull be straight. 

Before a carriage moves, the traces should be equally stretched 
out, that at the word " March " every horse may act steadily at 
the same instant on the carriage, and not by jerks. 

The distance of one horse's length between the carriages is 
always to be maintained on the best road, to prevent fatigue and 
aoneeessary stoppage to the hcwses. In bad or difficult roads it 
may be necessary to increase the distance to double, or perhaps 
more, according to the nature of the ground. 

After going up a short steep hill, the horses should be 
halted, but when that cannot be done, they ought to move slowly 
to recover their wind. Should the ascent be long, and steep, the 
road in a bad state, or when from any other cause the exertion is 
likely to be very great for the horses, a part of the carriages 
jdiould halt, the leaders of them be hooked on to those in front, 
md when they arrive at the top, as many leaders sent back as 
nay be necessary. 

In going up a hill, a carriage may be halted to rest the 
horses, 1^ brmging them across it, and locking the limber. 

Whenever the ruts are very deep, the carriages must quarter 
the road, and if the road is narrow, and sunk between banks, the 
horses should be left to themselves, and not be hurried. 

In passing over deep furrows, or small ditches or drains, 
the carriages should cross them obliquely : when they are crossed 
perpendicularly, the horses not only encounter greater difficulty, 
bat they, as well as the harness, suffer much from the jerks. 
The former line of march should be resumed as soon as they are 
passed. 

HOBSE SHOES. 
NEW PATTESN. 

There are three sizes oi horse shoes in tiie serdcQ, vdA «\a^ ^ 
gmaUer size made for mules. 
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Weight 
of 
set. 



Size. 

fist 
J 2nd 
]3rd 
L Mules 



Ist size. 
Largest. 

2nd size, 
drd size. 



lb. oz. 

(not including the weight of nails) . 7 OJ 

do. do. . 6 4| 

do. do. . 4 8i 

do. do. . 2 14 



NAILS. 

LENGTH, WEIGHT, NUMBER, ETC. 



No. of nails* . . . 
No. of each required 
No. of nails* . . . 
No. of each required 
No. of nails* . . 
No. of each required 



No. of Nails. 
188 
187 
186 
185 
184 
183 



8 9 10 
16 8 8 

7 8 9 

8 12 12 
5 6 7 
8 8 16 




OD . 

ooo 



Length of NaHs 
2f inches 

2J - 

2| - 

2i - 

2i - 
2 — 



Weight of 1000 Nails. 
101b. 

9 — 
8 — 
7-— 
6 — 
5 — 



Noie, — These several nails are known by fiurriers according to their Ne- 
vis., when they say shoes require nails, Nos. 8, 9, 10 ; this unplies "mT« of 
8, 9, and 10 pounds per thousand nails. 



FORAGE. 
Method observed in carrying one day*8 forage* 

NON-OOMMISSIONED OFFICERS, AND TRUMPETERS. One feed 

of oats in the nose bag, and buckled to the near-ring of the saddle. 
Three feeds in the com bag, and carried across the saddle. Twelve 
pounds of hay twisted, and rolled up into two bundles, each nine 
inches long, carried at the ends of the kitt, and made fast with 
the forage cord, one end to pass in front, and the other in the rear 
of the kitt, making it fast by two hitches. 

Drivers, — One feed of oats for each horse, carried in the 
nose bags, and made fast to the rear staples of the off-horses' 
saddles. Three feeds for each horse (six leeds) in the com bag, 
carried across the saddle of the near horse. Ine hay is twisted 
and rolled up into two bundles of twelve pounds, each eighteen 
inches long ; carried on the off-horse at the ends of the kitt ; the 
end of one forage cord passing in front of the kitt, the end of the 
other forage cord passing in rear of the kitt, both ends being made 
fast by two half hitches. 

If a waggon accompanies the battery, the officers* horses' 
forage will be carried in it ; if not, the oats are to be divided. 
between the sub divisions, and the hay carried on the foot-board 
in front of the body of tbe waggon. 
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In heavy marching orders when forage is not ordered to 

be carried. 

Non-commissioned Officers, and Tbumpeters. — The nose 
bags are rolled up and buckled to the near-ring of the saddle. 
Forage cord, currycomb and brush, mane-comb, picker, and sponge, 
are made fast to me ofif-ring. 

DAILY BATION FOB ONE HOBSE. 

Oats. Hay, or Grass. Straw, 

lb. lb. lb. lb. 

In Quarters 8 18 6 

In Barracks 10 12 or 36 8 

A load of Hay, or Straw 36 trusses. 

A truss of Hay 561b. 

Ditto Straw 36 lb. 



VETERINABY DIRECTIONS.* 

MASSES. 
TT^e ordinary dose of every Mass is One ounce {Avoirdupois.) 

No. I. — Cathartic Mass. 

One ounce of this Mass made into a haU is a Dose of physic. 

A BaU contains seven drams ofAhes, the remaining dram being 
made up with 01. olivar^ 01. carui^ and water. 

Any horse to which a dose of ;phv8ic is given, should be fed 
on bran mashes, in lieu of com, until its operation has ceased. If 
there be no cause for its immediate administration, let ample bran 
mashes be given, by way of preparation, in lieu both of nay and 
com, during one day, and the oall administered the following 
morning, after the horse is sufficiently watered, and a couple of 
hours at least before his bran mash be given him. Exercise also, 
during the day, is advisable. The following day, early in the 
morning, after the horse has had water with the chill taken oft 
offered him, till he refuses to drink more, let him be walked out 
briskly for one hour, unless he purge ; in which case let him be 
returned to the stable, littered down, frequently watered, and plen- 
tifully supplied with bran mashes. But should the physic not 
operate at the expiration of his exercise, nor after he has remained 
four succeeding hours in the stable, let him be exercised for another 
hour ; and he may be gently trotted at this time should he still 
show no signs of purging ; let it be here understood, however, that 



* For t^e guidance of the Farriers of the Royal Artillery. SivxsftCie^fti^ Vs 
Charles Percival, Veterinary Surgeon; and approved of \>y tna 'BA^'&sn\S3rax> 
able the Master General, and Honourable Board of Ordnance. 
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in no case is a horse in i>h^8ic to be ganoped. To insnre pnrga- 
tion, water is no less requisite than exercise. 

Should the animal continue to purge on the third day, let his 
bran be eaten dry, and let him be kept short of water ana wiflKNit 
exercise until the physio be set. As soon at his dung shall have 
put on its natural appearance and cQusistence, the nmiaX ration of 
provender may be restored, and he may return to duty. 

If the horse has been lately taken up from grass, or be low in 
condition, or light-carcassed, six drams of the mass is generally a 
sufficient dose ; but if he be of large size, and in high condition, 
even nine drams may be occasionally required. 

Horses of a costive habit, whose dung-balb are small and not 
of their natural colour — ^whose coats are rough and skins tight 
upon their ribs, and who do not thrive, require physic. Purgmg 
balls are also given with benefit to horses that have manee, or 
itchy skins — swelled legs, or grease — ^fever in the feet — ^inflamed 
eyes — staggers — ^locked jaw — any swellings from blows or wounds, 
&c. 

When a sick or lame horse requires physic, to whom exercise 
would be injurious, let the dose be increasea by one or two drams ; 
and to him the ball may be given at any time — either day or 
night — ^he may stand in need of it ; in order that its operation may 
be as speedy as possible. 

To a horse not labouring under active disease, a second dose 
of physic is not to be administered prior to the seventh day ; but 
to a sick one, should the case be urgent, the dose may be repeated 
at the expiration of twenty-four hours. 

Horses suffering from coughs, discharges from the nose, or 
inflammation of the lungs, are not to have lull doses of purgative 
medicine given them, but the febrifuge, or sedative mass should be 
given. 

No. II. — Fbbripuge Mass. 

A haU contains — Aloes one dram^ Antitn. tart, one dramy NUrf 
two dramSf and Common Twrpeniine three drams. 

In fever, also in cough or discharge from the nose in whieh 
fever is present, this mass is especially usefrd ; and if the fever be 
violent, the horse ought to lose three or four quarts of blood before 
the ball is given. Let the animal be warmly clothed — a hood be 
worn in catarrh — ^be littered down, have bran mashes in Hen oi 
com, and be kept still and quiet io a well-ventilated box. The 
ball msCy be administered once or twice a day according to the 
symptoms ; but it must be discontinued whenever it seems to 
affect the appetite, or should purging appear to be coming on. The 
appetite being restored and the dung m balls again, Bhould it be 
required the ball may be repeated. 
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No. III. — Sedative Mass. 

I haU contairuf — Digitalis one aerupUf Antim. tart, one dram, 
Nitre two dramsj Zdnaeed meal three drams^ and Treade^. 
three drams. 

In cases of inflammation of the Imigs, these balls are especially 
BBeficial — a disease in which colds and coughs not unfrequentl/ 
nrminate. After having drawn four or five, or even six quarts of 
lood, according to the violence of the symptoms and the apparent 
length of the animal, give a sedative ball three times a day at 
igular intervals. Let the sides of the chest be well rubbed with 
)me of the blistering liquid, clothe warmly and hand-rub the legs, 
taking use of the turpentine liniment from time to time until 
ley become warm ; and bandage them with flannel. Keep the 
Able well ventilated. 

Should the symptoms continue unabated, four or five quarts 
lore blood must be taken away at the expiration of four or fivo 
oars from the first bleeding, and the operation may be repeated 
g^ain in six should the animal continue unrelieved. 

Let the horse be littered down, and have bran mashes. No 
Kerdse. 



No. IV. — Diuretic Mass. 

L IhUI contains — Common Turpentine half an ounce, Nitre tujo 
drams, and Sulphur two drams. 

Diuretic, or urine balls may be given in all cases in which 
ley may be required, one every third night ; seldom is it neces- 
uy to administer one every other night, and still more rarely 
very night. 

Should the flow of urine prove abundant — ^the horse frequently 
laking efforts to stale, and groaning in so doing ; or if he cannot 
tale, but appear to experience pain about the loins and hips, and 
> be stiff in moving those parts, diuretic balls must on no account 
e given. 

Diuretics are beneficial in recent swelled legs ; linen bandages 
od walking exercise being had recourse to at the same time. 
iey are also useful in watery farcy, dropsy, and puffy or watery 
preOing of all kinda. 



No. V. — Altebatiyb Mass. 

L haU contains — Aloes one dram. Calomel a scruple, Sulphur 
half an ounce, and Treade three drams. 

To ill-conditioned horses that do not thrive, uqtm\)a» tM v yv ft\g^ 
v^y ^ and appear otherwise in health — ^to lioraeA tViat x^^^ia.- 
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selves, or that have small lumps or bare places upon the skin (not 
mange), balls made up of this mass are serviceable ; one may be 
given every day for a week, or every other day for a fortmght, 
unless the horse should purge, when they are to be omitted, and 
had recourse to again in the course of a week or ten days. 

Bruised corn, ha^ cut into chafif, and frequent and full sop- 
pUes of water, contnbute to restore such horses to condition. 
WaUdn^ exercise once or twice a day, according to the strength 
and thrift of the horse, is also recommended. 



N"o. VI. — Tonic Mass. 

A haU contains — Bltie Vitriol one dram^ Verdigris half a dram, 
Linseed meal four drams, and Treacle two drams. 

These balls may be administered with advantage to horses 
affected with farcy, or under suspicion of glanders, after the swell- 
ing and inflammation attendant upon those diseases have been 
abated by bleeding, purging, and diuretic medicines. 

Not more than one ought to be given in the space of tweniy- 
four hours ; nor on any account should the dose be continora 
unless the horse's appetite is good ; as soon as he refuses any part 
of his provender, or appears to be in any manner affected by the 
medicme, let the ball be omitted. 



No. VII. — Antispasmodic Draught. 

This draught is prepared for horses that become griped, 
after the following manner : — 

Mix together two ounces of Spirits of Turpentine, and one ounce 
of Tincture of Opium, and add a pint and a half of warm 
water. 

In mild cases of gripes this single draught will generally 
suffice ; but in violent attacks, four or five quarts of blood ought 
to be immediately taken away, and the draught, after an interval 
of a couple of hours, repeated ; also two or three ounces of the tur- 
pentine liniment should be well rubbed upon the surface of the 
belly. If no dung is passed, let the horse be raked, and have 
clysters of salt and water (about four ounces of salt dissolved in 
four quarts of water) thrown up every hour until the bowels he 
relaxed. When the horse continues to lie down and rise in the 
stall, and to roll upon his back, relief will frequently be given hy 
walking exercise for ten minutes. 

Those cases, in which the symptoms do not intermit, and in 
which the pulse and bieathmg axe ia\xc\i chickened, are not gripes, 
but inflammatixyn. of the bowe\a. TaVe «cw».^ %n^ ot voLo^fuistKif 
blood without loss of time, and ^ng a ^wx^\.c:«nivs«fc^^ «^^ 
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or ten drains of aloes dissolved in a pint and a half of hot water,* 
wit^ the addition of an ounce of tincture of opium, inject clysters 
firequently, rub a blister upon the belly, composed of equal parts 
of oil of turpentine and blistering liquid, wrap the legs in flannel 
bandages, making use of the turpentine liniment to the legs if cold, 
and clothe warmly. Water, with the chill taken off, should be 
{dentifully given ; or, what is better, water-gruel. 

K the symptoms do not speedily subside, draw three or four 

Siarts of blood again, and repeat the blister to the belly, and 
ysters and turpentine liniment to the legs if not warm. 



No. VIII. — ^Vermifuge Powder. 

Three drams of this powder, containing one dram of Calomel 
and two drama of TaHarized antimony, form a dose. 

To be given in a bran mash at night to a horse having 
worms, and to be followed up by the administration of a dose oi 
physic the following morning — ^paving attention to the directions 
already laid down under the nead — Cathabtig Mass. The 
powder and physic may be repeated in the course of a week or 
ten days. 

No. IX. — ^Anti-purgation Powder. 

This powder is composed o/" prepcvred Chalk half a pound, 
Cinnamon four ounces, TormentU three ounces, Oum arahie 
three ounces, and Long pepper half an ounce, redv4sed to 
a fine powder, and mixed together, vjvth the addition of 
Cnim opium. 

An ounce of the powder, which contains only a -scruple of 
gum opium, may be administered in a quart of gruel, in cases of 
continued purging or scouring, every four or five hours, or as cir- 
cnmstances may require, but iU use is to be discontinued when the 
purging is checked. 

N"o. X. — DiscuTiENT Powders. 

This powder is composed of Zinc vitriol three drams, and 

Bole armen. one dram. 

A lotion composed of half an ounce of this powder, and one 



* In administerinff draughts to horses, the gnreatest i>08Bible care and atten- 
tion are required ; should the horse coiigh, or make an attempt to do so, his 
head must be instantly lowered, otherwise a portion of the divc&.'<«r^\^ v^\a 
find its way into the trachea or windpipe, wmeh wiU ptodiUQe TStfA\> d^9to«sKs&% 
^pnptoms, and often be followed by death. In lowering ^e \i.e«A,«» casi^t 
ntsel of anjr kind ahould be held under the moat^ to C8dbe\i ^« ^fa!^«ia>^ 
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quart of water, is a proper ap^catioii to sore backs, and to rdoent 
sweUings frran blows or injnries of any kind. 

Bandages may be used, wetted vrith this lotion, in spraiiis ef 
tlie badt sinews. 



No. XL — AjBTSISQUEafT POWDEB* 

This powder is composed of Linseed meed half an ouHeSf 
Powdered cdum half an ounce, Bhie vitriol half a drtm. 
and BoU armen. ttffo drams. 

This powder is prepared principally for grease and thrashef, 
but it is also a good dressing for unhealthy sores — or sores in 
which there is proud flesh. 

In cases of urease, when the discharge is but little, and 
not very offensive, oesprinkle the affected parts with this powder: 
let the horse be exercised in the morning and afternoon; and 
if the legs be swollen, let a diuretic ball be occasionally admi- 
nistered. 

Buf should the discharge be copious and fetid, apply to tin 
heels, by means of pledgets of tow and linen bandages, a lini- 
meut composed of this powder and oil. This dressing ou^bt to 
continue undisturbed for two or three days ; during which time a 
dose of physic may be administered with considerable benefit 
Let his lood consist of bran mashes. As soon as the dressings 
shall have been removed, the animal ought to be exercised &t 
two hours, the heels afterwards wiped dry, and the linimeBt 
again ^i^sd, nnless the discharge hare ceased ; in which case 
toB jpowder sprinkled upon the part, as above recommended, and 
a diuretic or two will complete the cure. Shouki the case re- 
quire a repetition of the liniment, purging balls are preferable to 
oiuretics. 

Of horses that have thrushes, lower the heels, that the froff 
may be upon a level with the heels of the shoe, pare out the dea 
witn a small drawing knife, so as to cut away the raeged parts 
of it, and introduce a little of the astringent powder daily, at the 
evening stable hour. If heat be perceptible in the foot, a dose of 
physic may be given at the same time. 



No. XIL — Ophthalmic Powdeb. 

This powder is composed of Sugar of lead two drams. Turmeric 

naif a dram. 

So long as ihe eyes appear red and anery, nothing but coU 

water shonH be made use of to them, with which they ougbt to be 

kept coDthmally wet. At t\ve oame time^ if there be much in- 

fammatioD, take four or five qoarU oi VAo^A^vaik ^C^ak «^ «£ ^ 
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neokcorreeponding to the affected tj^t or from both sides, iboald 
both eyes be bad. 

Wben ihe inflammatioii is abated, sponge the eyes and eye- 
lids with a lotion, made by dissolving a quarter of an ounce of 
this powder in a quart of cold spring water, several times in the 
course of the day. 

In ever^ case in which it is found advisable to draw blood, a 
doee of physic is recommended. 



No. XIIL — Blisteriko Liquid. 

Tki$ Uquid is composed of Ckmtharidesfour ounces, and Linseed 

oil a pint and a half. 

For sore throat and jugged swellines, in glanders, or farcy — 
for inflammation of the lungs, and inflammation of the bowels^ 
&e blistering liquid is a proper a{>plication. 

For spavins, splints, old strains, curbs, ringbones, windgalls, 
thoroughpms, and other enlargements of joints that have no heat 
in ^em, and swellings in general which will not yield to simple 
remedies, this liquid may likewise be used. 

Let a small quantity of it be well rubbed-in with the hand — 
without the hair oeing cut ofi*— and let the same be repeated at 
the expiration of six hours, should it not have taken effoot. 

Aoout one table spoonful of this mixture is sufiicient for the 
throat, two for the leg, three for the side or the chest, and so on. 



N"o. XrV. — Turpentine Liniment. 

This liniment is composed of equal parts of Spirits ofturpenHne, 

and Linseed oU. 

In cases of sore throat and cough, this liniment will be found 
Teiy useful, as well as in cases of inflammation of the lungs, and 
fever, where the legs are cold, making use at the same time of 
flannel bandages, and repeating the hniment every two or three 
hours, until they become warm. 

Half an ounce will be found sufficient for a leg, or for the 
throat, and requires to be well rubbed-in. 



No. XV. — ^Turpentine Ointment. 

It is composed of equal ports of Common turpentine^ and 

Mog^s tard. 

This oiDtmoDt IB the beat application that c&ii\>eTnsA!& '^qai^ ^1 
in case of treads or wounds on the coronet, between \im ^wdL\i<(yJl\ 
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a small quantity is to be spread upon a pledget of tow, and bound 
on witb a bandage. It is likewise a good dressing for broken 
knees, or cuts, and to promote the action of rowels. 



No. XVI.— Black Oil. 

It is composed of Olive oil one pint, Spirits of turpentine half a 
pintf and Acid vitriol tioo drams. 

In recent wounds, such as broken knees, or other lacerated 
wounds, this will be found a good dressing to promote healthy and 
speedy granulation. It may be applied to extensive wounds by 
means of a feather ; and in cases of broken knees, a pledget of 
tow is to be bound on with a tail bandage. 

It is likewise a good application for sitfasts, produced by the 
pressure of the saddle. 



No. XVII. — Hoof Ointment. 

This ointment is composed of Tar and Train oil, equal parts. 

This ointment is intended for brittle feet, or Huch as haye 
sand cracks. 

By mixing one part of the ointment with two of train oil, it 
forms a good application for mange. 



PLAN' OFAC-AHBISON CATtBIAT'E. 




K Sl«,lial 



b £altaU 




ELEVATION OF A GUOttSON CAimiAGB. 



161 



PART VII. 

EXERCISE OF HEAVY ORDNANCE, 

GYNS, ETC.* 



EXERCISE OF GARRISON GUNS. 

Part l.—Art. 1. 

Telling-off the Detachment. 

The men fall in two deep, and are told off on the same prin- 
!ple as for field guns — ^viz., beeinning with the lowest numbers 
ttd proceeding to the highest. No. 1 always commanding. 

The telling-ofif is always to begin from the right ; No. 2 is 
le right hand man of the rear rank, No. 3 his front rank man, 
To. 4 the second rear rank man, No. 5 his front rank man, and 
> on. 

The men in their turn must go through every part of the 
ixercise ; at the word " Change Round," each man on the right 
r the gun falls back, and takes the duty of the man in his rear, 
nd those on the left more forward, and take the duties of those in 
leir front ; thus, with six men. 

No. 3 becomes No. 2 No. 1 becomes No. 6 

2 4 6 5 

4 1 6 3 

The detachment, when it arrives at the battery, is halted 
bout ten or twelve paces in rear of, and fronting the Gun ; and 
rhen it is to take post. No. 1 gives the word '* Tb inia right 
ACE, TAKE POST AT THE GUN — QuicK MARCH," the "ranks opcn 
nt, the men march up, and place themselves on each side of the 
nn. No. 2 and No. 3 in line with the neck astragal, Nos. 4 
nd 6 in line with the trunnions. No. 1 and No. 6 in line with 
lie vent. 

"Take post under cover op the merlon," No. 4 and 
1*0. 1 make a half face to the right. No. 5 and No. 6 a half face to 
be left. 

" Quick march/' the whole of the men move towards the 
lerlon, halting, and dressing as they come up to it in a single 



* From "Instructions and Redrul&tions for the Service an^ ULaasAi^cxiv^oX. c^*l 
[eavT Ordnance/' &e. The Puis, and Articles are nvxmbetedi m ^ooiQsrai^l 
Hereto, I^ wordt qf command are in small catiiai<«. 

M 
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line, No. 2 and No. 3 nearest to the gun, No. 4 and No. 5 next to 
them, and so on. 

" Inwards about face," those on the right of the gun face 
to the left-about, and those on the left to the right-about, standing 
at attention ; this is their position when in action, unless when 
employed in their respective duties. 

In a Barbette battery, they stand as when at their posts at 
the gun, but outside of the platform, and in echellon. They never 
should cover each other if it can be avoided. 

EXERCISE OF HEAVY GUNS. 

For heavy guns, from 68 pounder to 24 pounder inclusive, 
the complement to be 7 men, non-commissioned officer included, 
whether the guns be mounted on garrison, or siege carriages ; in 
casemates, or on dwarf platforms. 

Disposition, and duties. 

No. 2, searches the gun, spunges, rams home, runs up, and 
elevates. 

No. 3, loads, assists to ram home the shot and wad directly 
they are inserted into the bore, runs up, and elevates. 

No. 4, serves the vent, pricks the cartridges, runs up, and tra- 
verses. 

No. 5, supplies No. 3 with shot, and wad, runs up, and traverses. 

No. 6, supplies No. 2 with side arms, and double-mans his hand- 
spike ; replaces the handspike of No. 1, and supplies No. 7 
with cartridges from the magazines, whilst the gun is being 
pointed. 

No. 7, supplies No. 3 with cartridges, and double-mans his hand- 
spike ; serves No. 1 with tubes, and fires. 

No. 1, points, primes, and commands. 

When firing shells. No. 3 uncaps the fuze. With a shot, or 
shell, whose weight exceeds 56 lb.. No. 5 must assist No. 3 to 
bring it up to No. 2, which is done on the bearer : Nos. 2, and 5 
put the shot into the bore. 

With cross-headed tubes, a half turn is to be taken in the 
lanyard, round the hammer ; and with friction tubes in the vent, 
the lanyard hangs down, as a precaution, when the gun is being 
laid. 

18-Pounder. — I^ive men. 



No. 3 loads, runs up, and ele- 
vates. 

No. 5 brings cartridges, serves 
No. 3 with shot, and wads, 
runs up, traverses, and fires. 



No. 2 spunges, runs up, and 

elevates. 
No. 4 serves the vent, runs up, 

traverses, and primes. 



No. 1 guides the gun into tlie line of fire with a handspike, 
points, and commands. 
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12-Pounder, and 9-Pounder. — Four men. 



No. 2 Bpunges, runs 
vates, and traverses. 



up, ele- 



No. 3 loads, runs up, elevates, 

and traverses. 
No. 4 brings cartridges, serves 

No. 3 with shot, and wads, 

runs up, and fires. 

No. 1 serves the vent, runs up, points, primes, and com- 
mands. 

Besides the men told ofi to the gun, there must be some at 
the magazine, to fill, and issue cartridges; when Shrapnell shells, 
or common shells are fired, some men must be appointed for filling 
them, and for cutting and fixing fuzes ; the man who brings up 
the cartridge is also to bring up the shell or Shrapnell shell. 
No. 3 uncaps the fuze. 

The guns are always to be laid under metal after the men 
have been at exercise. 

In order to shorten the explanations^ the following direc- 
tions are for serving a gun %oith a detachment of six men. 

Distribution of duties vnth reduced Nos. 



No8. 
retained. 


Distribution of duties. 


1. 


2. 


3. 


4. 


5. 


6. 


1,2,3 
1,2,3,4 
1,2,3,4,5 
1,2,3,4,5,6 


C.V.P.B. 

C.B. 

O.K. 


o«xL*£«X« 


A.Xi.S.K.T. 
Ii.R.B.T. 
Xi.R.B. 
It.S.B. 


A.B.F. 

V.P.B.T. 

V.P.E.T. 


B.T.F. 


A. 



References. 

Cf Points^ and commands. S, Spunges. V, Serves the 
vent. P, Primes. Ly Loads. F, Fires. T, Traverses. Hj Buns 
up. F, Elevates. A, Serves ammunition. 

The following stores are required for the service of lieavy 
ordnance in batteries : — 

One spunge. 

One rammer. 

One wadhook, to be placed on the right of the gun outside 
of No. 2, resting against the parapet: the spunge-head, and the 
wadhook uppermost. 

Five handspikes , two on each side of the platform close to 
the edge of it, points towards the parapet, the points of the front 
handspikes about two feet from the hurter, the points of th^ x^^x 
ones snould overlap inside to about the midd\e oi l\ve ^xow\, otv.^-*., 
the fifth handspike close to the rear of the middV© o^ XXi^ ^\^\SarBi^ 

m2 
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small end to the right. All bevelled handspikes are to be laid 
down bevelled side upwards. 

One drift. 

One tube box with tubes. 

One thumbstall. The tube box is strapped on the right side 
of No. 4, who will keep the lid close shut ; thumbstall on his left 
thumb. 

One powder horn unth wire, the powder horn is to be hung 
up on a peg driven into the parapet behind No. 4, or laid at the 
foot of it in a dry place. 

Owe loch with lanyard, in charge of No. 4, who fixes it to 
the gun. 

One lintstoch. 

One portfire stick, and portfire; 1 clipper; but, when the 
gun has a lock, these are not required. 

One water bucket, in charge of No. 6, behind him, and close 
to the parapet. 

One wooden cylinder, or leather cartouch, in charge of No. 6, 
at the magazine, or such other place as circumstances may 
require. 

Shot, piled on the left of the gun close to the front of the 
platform. 

Wads, if necessary, close to the shot. 

Broom; shovel ; one or two for each battery. 

Spade; pick; ladle; one per battery, if thought necessary. 

When heavy guns are in position, and there is no parapet, 
the side arms are laid on the ground in the same order as before, 
about two paces from the gun, and parallel to it. 

Words of Command. 

Load. Run the Gun up. Heave. Halt. Elevate. 
(Lower, if necessary.) Trail right (or left.) Heave. 
Halt. Elevate. Lower. (Heave, Lower, if necessary.) 
Down. Prime. Fire. {If necessary, Eun the gun back. 
Double man the handspikes with heavy Ordnance; Heave. 
Halt. Cease firing.) 

Lay the gun under metal. Down. 

EXERCISE OF MORTARS. 

Part l.—Art. 2. 

Tlie detachment is to be told off, and numbered as detailed in 

Art. 1. No. 1 gives the word, "To the right face ^Take 

POST AT THE MORTAR — QuicK MARCH," the Hanks Open out and 
march up on each side of the Mortar. ' 

Number of men for the service of mortars in batteries 
13-inch mortar 6 men. I S^-inch mortar 3 men. 

lOinch mortar 5 men. I 4|-inch mortar 3 men. 

8-inch mortar 4 men. \ 
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DisposUion, and duties. 
13-inch mortar. — Six men 

No. 1 commands, serves the vent, and points. 

No. 3 runs up, traverses, puts 
in the cartridge, and assists 
to put in the shell. 

No. 5 runs up, traverses, pre- 
pares, <ind brings up shells, 
assists to put them in, and 
fires. 

No. 6 brings cartridges, cuts 
and fixes fuzes. 

10-inch mortar. — I^ive men. 

No. 1 commands, serves the vent, and points. 



No. 2 runs up, traverses, 
spunges, uncaps the fuze, 
wipes the b:)ttom of the shell, 
and assists to put it in. 

No. 4 runs up, traverses, pre- 
pares, and urings up shells, 
assists to put them in, and 
primes. 



No. 3, the same duties as with 

the 13-inch mortar, and brings 

cartridges. 
No 5. runs up, prepares, and 

brings shells, cuts and fixes 

fuzes, and fires. 

S-inch mortar. — Four men. 

No. 1 commands, runs up, serves the vent, points, and 
primes. 



No. 2, the same duties as with 

the 13-inch mortar. 
No. 4 runs up, prepares, and 

brings up shells, cuts and fixes 

fuzes, and primes. 



No. 2, the same duties as de- 
tailed for 13-inch mortar. 



Ko. 3 runs up, traverses, brings 

cartridges, and puts them in, 

puts in shells. 
No. 4 runs up, prepares, and 

brings shells, &c., and fires. 

6 J and i^inch mortars — Three men. 

No. 1, in addition to his duties detailed at an 8-incli mortar, 
prepares shells, No. 3 brings them up, and fires ; the rest as with 
the 8-inch mortar. 

TiDO men. No. 1 brings ammunition, and loads ; and No. 2 
fires, in addition to their other duties. 

The shells ought always to be deposited behind traverses, 
raised for the purpose, or in a sheltered spot, and one or two men, 
according to circumstances, appointed to scrape and clean the 
inside of them, and prepare them for the powder and fuze, besides 
men to weigh or measure out the charge of powder, according to 
the directions received from No. 1. 

The following stores are required for the service of mortars. 
One spunge. 

One scraper for 2 mortars. 

One loading funnel, or else a paper or leather ctjUudcr fet 
bringing up the powder when not in a cartridge. 
One pair of shell /woks. 
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Four handspikes, 2 pointing rods, 1 plummet and line. 
ToWf or an empty sand bag, for wiping the bottom of the 



shell 

One quadrant. "| 

One perpendicular. vFor every 4 or 5 njortars. 

One fuze engine. ) 

Tube box, portfire stick, <&c., as with guns. 

One filling funnel, tow or flax, shells, pound shot, 1 cork- 
screw, bottoms far pound sJiot, valenciennes composition^ 1 nud- 
let, 2 setters, fuzes, carcasses, light balls. 

At the magazine. 
One set of weights and scales, 1 budge barrel. 
One set of powder measures. 

KUN THE MORTAE UP. HeAVB. HaLT. LoAD. TrAVERSE. 

Muzzle right (or left J. Heave. Halt. Cross lift the 

MORTAR TO THE RIGHT (oE LEFt). HeAVE. HaLT. DoW5. 

Prime. Fire. Kun the mortar back — (double man the 
HANDSPIKES, if 13-inchmortar). — Heave. Halt. Unload the 

MORTAR.* 

CARCASSES. 

When carcasses are fired, the 13-inch and 10-inch are 
brought np in the same manner as shells ; the 8-inch in the palms 
of the hands, No. 2 wipes the bottom of the carcasses, uncovers 
the holes, and loosens the priming. 

LIGHT BALLS. 

Exactly the same as carcasses. 

POUND SHOT, AND STONES. 

When pound shot, or stones are used, they are brought up in 
a box, or basket to the front of the mortar, in the same manner as 
shells, the man who brings up the cartridge also t^kes up a wooden 
bottom, which No. 3 places over the powder ; No. 2 and No. 3 
empty the shot into the mortar, and give the empty basket to 
No. 4. 

Distribution of duties with reduced numbers. 



Noe. 
retained. 


Distribution of duties. 

1 


1. 


2. 


3. 


4. 


«•! 


1,2 
1,2,3 
1,2,3,4 
1,2,3,4,5 

/ 


C.A.V.B.R.P. 
C.V.P. 
C.V.P. 
C.V. 


8.R.E.T. 


A.B.L.B.B.T.P. 

A.L.B.E.T. 

A.L.B.E.T. 


B.F. 
B.B.P. 


1 

B.B.P.' 

1 



• It having been \oadeA moteVj iox ex«TC«ft. 
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References. 

(7, Points^ and commands. 8^ Spunges. X, Loads. F, 
Serves the vent. P, Primes. F^ Fires. J?, Runs up. B, /Supplies 
shell. A, Serves ammunition. F, Elevates. 

EXEBCISE OF HOWITZERS. 

Part l.—Art. 3. 

Number of men for the service of howitzers in batteries; 
10-inch howitzer, 6 men. 8-incli howitzer, 5 men. 

Disposition, and duties. 

10-inch howitzer.— Six men. 
No. 1 serves the vent, points, and commands. 



No. 3 loads, assists to put the 
8hell8m,runs up, and elevates. 

No. 5 brings up shells, runs up, 
traverses, and fires. 

No. 6 brings up cartridges, pre- 
pares shells, cuts and fixes 
fuzes. 

S-inch howitzer. — Five men. 
No. 1 points, and commands. 



No. 2 spunges, puts the shells 
up, runs up, and elevates. 

No. 4 brings up shells, assists 
No. 3 to put them in, runs up, 
traverses, and primes. 



No. 2 spunges, puts the shells 
up, runs up, and elevates. 

No. 4 serves the vent, runs up, 
traverses, and primes. 



No. 3 brings cartridges, loadp, 

assists to put in the shells, 

runs up, and elevates. 
No. 6 prepares shells, brings 

them up, runs up, traverses, 

and fires. 

With Four men. Nos. 2 and 3 traverse ; No. 1 does all the 
other duties of No. 4 ; and No. 4 takes all the other duties of 
No. 5. 

The same stores are required for the service of hovntzers 
{IS for that of guns, only substituting shells for shot, adding a 
pair of handbooks, and a pair of pincers for putting up the shell. 

The detachments take post as with heavy guns, but when 
the howitzers are on travelling carriages, they must sta.nd so far 
from the merlon as to be clear of the muzzle, and not suffer from 
the explosion, when the howitzer is fired. 

The operations of spunging, loading, running up, or back, 
elevating, traversing, pointing, and laying, serving ammuni- 
tion, &c., are the same as for guns. 

The shells are brought up as witli mortars. 

EXERCISE OP CARRONADES. 

Part l.—Art.^. 
Number of men for the service ofcarronades in hatttrixA. 
For a ^'pr. 5 men. 24-pr. 4 men. \*1-^t. ^ telWsl. 
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Disposition, and duties. 
68-Pounder. — JF^ive men. 
No. 1 runs up at the trail, points, and commands. 



No. 3 loads, runs up, and ele- 
vates, if necessary. 

No. 6 brings up cartridges, 
runs up, traverses, and fires. 



No. 2 spunges, nms up, and ele- 
vates, if necessary. 

No. 4 serves the vent, runs up, 
traverses, and primes. 



The shot being very heavy, No. 2 assists No. 3 to put it 
into the bore. 

When shells are used, the duties are exactly those for an 
8-inch howitzer. 

24-Pounder. — Four men. 

No. 1 serves the vent, runs up at the trail, points, primes, 
and commands. 



No. 2 spunges, runs up, and 
traverses. 



No. 3 loads, runs up, and tra- 
verses. 

No. 4 brings cartridges, and 
fires. 

When shells are used, the duties are exactly those for an 
8-inch howitzer. No. 1 taking the duties of No. 4, and No. 4 those 
of No. 5. 

12-Pounder. — Three men. 

No. 1 commands, serves the vent, runs up at trail, points, 
and primes. 



No. 2 spunges, runs up, and 
traverses. 



No. 3 serves himself with am- 
munition, loads, runs up, 
traverses, and fires. 

In running up. No. 1 applies his handspike on either side of 
the trail, under the eye bolt ; all the other operations are the same 
as at the gun exercise. 

Words of command are the same as with guns. 

MODE OF FIRING HOT SHOT. 
Part l.—Art. 6. 
Number of men for firing hot shot from heavy guns. 

32-pounder, 7 men. 24-pounder, 6 men. 18-pounder, 5 men, 
besides men to attend the grate, and heat the shot. 

The manner of spunging, running-up, &c., is generally the 
same as detailed for heavy guns ; the spunge is, however, to be 
wetted, and the gun frequently cooled with it. 

When guns are mounted on dwarf traversing platforms, and 
others which are run up with roller handspikes, the loading 
should be completed before the gun is moved at all. 

J^ofe. — (barges for firing with "hot shot s\io\M not exceed one-fifth of the 
weight of the shot. 
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Disposition^ and duties^ in firing hot sliot from all heavy 
pins, however mounted. 
^o. 2, besides the duties assigned {vide p. 162), assists to put 

in the shot, rams home the dry wad, and presses home the 

wet wad. 
1^0. 3, puts a dry wad over the cartridge, then a wet wad, and 

assists No. 2 to ram home the dry wad. 
^o. 4, duties detailed in page 162. 
^"0. 5, supplies No. 3 with cartridges, and wads, 
fo. 6, brings shot from the grate, with No. 7. 
fo. 7, brings the shot from the grate, and assists to put it into 

the bore, and double mans the handspike of No. 5. 

On traversing platforms. 
^OB. 2 and 3, put in the shot, which Nos. 6 and 7 have brought 

up. 
Jo. 1, commands, and serves No. 2 with side arms, primes, and 

points. 

18-Pounder. — Five men. 

No. 1 commands, runs up, primes, and fires. 



No. 2 spunges, runs up, ele- 
vates, traverses, and helps 
to put the shot in. 

No. 4 serves the vent, runs up, 
and assists No. 5 to bring 
shot. 



To. 3 brings cartridges, puts 
them in, then a dry, and 
then a damp wad, runs up, 
elevates, and traverses. 

To. 5 runs up, brings shot, as- 
sisted by No. 4, and helps 
No. 2 to put them in. 

TJie sam^ stores are required as for the service of guns, 
unk wads are indispensable. 

Utensils required for the shot : — 

One grate. 

Two large pincers^ for taking the shot out of the grate. 

Two scrapers. One pair of tongs. One poker. One raJce. 

One stand, on which to place the shot, in order to scrape 
lem. 

Two tuhsfuU of water to soak wads, cool tongs, &c. 

One shot bearer. 

Two or three water buckets. 

Faggots of sticks, to light the fire ; and billets of wood for 
seping it up, and heating the shot. 

Men for attending the grate. 

There should never be less than three men, even when the 
lot and wood are close at hand, hut five men will be generally 
tquired — viz. : 

One non-commissioned officer, or steady man, in charge, 
ho, when shot are demanded, directs the leddea^. \o \i^ \si5l«tv 
itp and replaced by cold, and keeps up Buch & ^xe a& V^ "o^M 
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judge necessary ; one man lights and attends the fire, and sop- 
plies fresh fuel when required. 

One man takes out the hot shot, and lays them on the stand 
to be scraped, he afterwards places them on the bearer. 

One man supplies the grate with cold shot, and brings fuel. 

One man scrapes the hot shot. 

Shot may be made red hot in three quarters of an hour. 

Note. — Expansion by white heat is about ^ for 32 and 24^poimder8, about 
rV for 18-pounders, and ^ for 6-poimder8. 

Loading. 

The powder must be in a strong flannel cartridge, which 
must undergo the strictest examination, to see that there are no 
holes in it, lest in setting the powder home any grains should fall 
out. 

A dry wad is put over the cartridge, and then a damp one, 
which has been previously well soaked, then beaten with a hand- 
spike, or mallet, or pressed to squeeze the water out. 

The gun is then run up ; but only so far into the embrasure, 
or over the parapet, as that a man standing on the platform 
can conveniently reach the face of the piece when his arm is 
extended. 

W(yrd8 of command^ for firing hot shot. 

let. With elevation. — Load. Run the gun up. Hbatb. 
Halt. (Elevate, Lower, if necessary.) Trail bight (oe 
left). Heave. Halt. Elevate. Lower. Down. Brdtg 
UF SHOT, and prime. 

(By No. 2. — Prepare to load. Load.) Fire. 

J^or exercise, or if necessary. Run the gun back. Doublb 
MAN the handspikes. Heave. Halt. Elevate. 

2nd. Under depression. — Load. Bring up shot. {J5y 
No. 2, Prepare to load; Load.) Run the gun up. Heave. 
Halt. Elevate. Lower. Trail right (or left). Heave. 
Halt. Elevate. Lower. Down. Prime. Fire. For 
exercise, or if necessary, Run the gun back. Double man 
the handspikes. Heave. Halt. Elevate. Lower. Draw 
THE WAD. Elevate. 

FIRING BY NIGHT. 
PaH l.—Art. 9. 

The following modes have been adopted to enstere as cuxurate a 
degree of fire, cu possible, during the night. 

GUNS ON STANDING CARRIAGES. 

A directing bar, or piece of t\mW ibout a foot or eighteen 
inches longer than the platfonUt and ioxxt Viic\i«% Vj %Ys.*\a!§bA«in 
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tliickness is used ; it has a hole at one end through which a bolt 
is passed into the platform close to the hurter, and in the line of 
the object, the bar traverses on this bolt at equal distances ^m 
the axis or middle line of the carriage ; two cleats are bolted 
under each axletree, at a distance from each other equal to the 
breadth of the bar, which being placed between these cleats, 
always ensures the gun being in the same direction ; holes are 
bored at the tail of the platform, at a distance from each other, 
according to the size of the bar, for the reception of bolts. When 
the ffun has been laid during the day for the object, should the 
bar fall exactly between two holes, the bolts are put in, and the 
bar remains fixed. When, however, the bar covers a hole, the 
bolts are put into the nearest holes on each side, and small wedges 
driven in oetween them and the bar, in order to keep the bar in 
its place. Sometimes the rear end of the bar is shaped for about 
ten inches like an axletree arm, on which an iron truck is put, the 
truck moves on a circular ciu-b, and, when the gun has been laid, 
the truck is wedded, or scotched on each side. 

Both these bars can be moved or traversed with tackles, the 
latter are preferable on coast batteries where the guns are en 
barbette, and where vessels under sail are the objects to be fired 
at ; the proper tackle is hauled on, and No. 1 (who keeps the 
lanyard of tne lock in his hand, at the same time that he is looking 
over the gun, and sufficiently in rear of it) fires at the proper 
moment ; without its being necessary to give any caution to the 
men, who are traversing. 

GUNS ON TRAVELLING CARRIAGES. 

The gun being properly laid during the day, a bead, or piece 
of timber of a proper scantling must be nailed or screwed to the 
platform, inside the felly of each wheel, and parallel to the object 
line, and two shorter pieces fastened in like manner outside of the 
cheeks of the carriage at the trail. 

Night firing is generally limited to a few rounds at intervals, 
for the purpose of general annoyance, and to disturb working 
parties. A lantern will be required, in order to enable No. 1 to 
correct, or adjust the elevation, when it may have been deranged. 

The Madras, and the traversing platforms are also adapted 
for night firing. 

When the foregoing expedients cannot be resorted to, the 
platform, and the carriage should be chalked in difierent places, 
and when the gim is run up, these chalk marks should be made 
to correspond. 

By chalking the stool bed, and quoin, the same elevation 
may always be given correctly. 

MORTARS. 

The arrangement for mortars is very 6\tq.i^\q\ %!^t ^^ 
mortar baa been accurately laid, a plank is placed ou\a\^<& o^<k vdA. 
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touching one of the cheeks of the bed, and nailed or screwed to 
the platform ; the plank must be thin enough to go under the 
running up bolts, which should not bear upon it. £very time the 
mortar is fired it is to be run up to the same position. When 
there is not any plank, the platiorm, and bed should be chalked, 
as before-mentioned. 

TRIANGLE GYN. 

Fart 2.— Art. 2. 

There are two patterns. The small gyn for trayelling, or 
garrison carriages has legs 16 feet long. 

The large gyn for mounting guns on traversing platformB, 
has legs 20 feet long. 

W hen guns heavier than the 8-inch gun of 65 cwt. are to be 
mounted, two triangular gyns are to be employed. 

Articles required for the vse of the gyn. 

Four levers. One triple block. One double block. 

The fall of 3 J inch rope, 72 feet long; which when rove is 
called the tackle. 

The slings are made of 6-inch white rope, and are of three 
different sizes, according to the nature of the gun, howitzer, or 
carronade. 

The fid, for which a handspike or two may be substituted ; 
for mortars, and howitzers, a large block of wood, or short piece 
of skidding, 

I^our common handspikes. One single lashing rope 2J inch, 
two fathoms for slinging mortars, &c. 

One piece of spun yarn three stranded, IJ fathom, for seizing 
the clinch of the fall. 

One hammer. Three small trucks, or pieces of board, 4 
inches thick, with a small hole to receive the spikes of the feet of 
the gyn on soft ground. 

One non-commissioned officer ^ and ten men. 

Disposition^ and duties. 
Left side. ^ Right side^ 



No. 3 carries the foot of left 
cheek, works the left hand 
lever, keys, and unkeys the 
left capsquare, runs the car- 
riage up, or back. 

No. 5 carries top of left cheek, 
works inside lever on the 
left, runs the carriage up, or 
back. 

No, 7 carries levers and hand- 
spikes, assists No. 6 to pass 
the fall round the windlass, 



No. 2 carries the foot of right 
cheek, works the right hand 
lever, keys, and unkeys the 
right capsquare, rune the 
carriage up, or back. 

No. 4 carries top of right 
cheek, works inside lever on 
the right, rung the carriage 
up, and back. 

No. 6 carries windlass, passes 
fall round it, holds on the fall, 
aud makes it fast, eases off 



holds on next to him. \ tW ^cX\ v{A\Qi««c%^LQ ^gnn. 
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Left side. 

No. 9 carries top of pry pole with 
slings, fid, trucks, &c., holds on 
fall behind No,7,and coils it up. 

No. 11 assists in carrying blocks 
and fall, reeves, and unreeves 
the triple block, assists in 
slinging the gun, and steadies 
it on his own side. 



Bight side. 

No. 8 carries loot of pry pole, 
with slings, &c., holds on the 
fall behind No. 6. 

No. 10 assists in carrying blocks 
and fall, reeves, and unreeves 
double block, assists in sling- 
ing the giin, and steadies it 
on his own side. 



Prepare to carry the gyn. Lift. Quick march. Halt. 
Prepare to put the gyn together, and reeve the tackle. 
Put the gyn together. Place the windlass. Prepare to 
RAISE the gyn. Hook the tackle. Raise the gyn. Halt. 
Prepare to place the gyn. Lift the cheeks, in. (out, to the 
right, to the left.) Lift in (or out) the right (or left) 
cheek. Lift the pry pole in (or out, to the right, to the 
left.) Prepare to put trucks under the feet. Put truck 

UNDER right CHEEK : LeFT CHEEK : PrY POLE. PoST YOUR- 
SELVES. Pass the fall round the windlass. Put on the 
slings. Hook the block. Shift fall to the right of the 
windlass. Haul taut. Work the levers. (Fetch: Heave 
&y No8. 2 and 3.) Mount on the windlass. Fall. (Fetch : 
Fall by Nos. 2 and 3.) Make fast the fall. Run the car- 
riage UP. Halt. Prepare to lower the gun. Lower the 

GUN. UnSLING the GUN, AND TAKE OFF THE SLINGS. PREPARE 
TO STRIKE THE GYN. STRIKE THE GYN. TaKE THE GYN TO 

PIECES. When the fall requires to he shifted to the right of the 
windlass, while the gun is suspended, Fall. (Fetch : Fall : by 
Nos. 2 and 3.) Prepare to shift the fall. 

Weight, and dimensions of tackle. 

cwt. qrs. lb. 

T„ , (Triple - - 12 inch 3 17 

-^^^^^•1 Double - - do. 2 6 

Rope, white, 3^ inch, 12 fathoms 1 4 

Total weight 1 2 27 

LARGE TRIANGLE GTN. 

Fart 2.— Art. 3. 

The large triangle gyn is employed for mounting, and dis- 
mounting guns, and their carriages on, and from traversing plat- 
forms. 

Additional articles required. 

One small 4 inch block. Sixty feet o/ IJ inch rope. 

Four pieces of ratline, each IJ fathom long. 

Two double lathings, for breech and muzzle ropes, or guya. 

The gyn rope is \^ fathoms long, amd iJoeigKa \qT. \'i."0o. 

One no7HX?mmt88ioned officer ^ and tenmeu Jot tKt <wAuoX 
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working of the gyn^ are sufBcient, but for carrying it, an addi- 
tional man for each leg, and one more for the windlass are re- 
quired. Previous to bringing the gjn over the gun, the platform 
must be directly perjiendicular to the parapet, and if it traverses 
on its front, or centre, the gun must be run back as far as possible, 
if on its rear, the foot of the cheek next the epaulement should 
touch it. 

Words of command are similar to those detailed for the 
triangle gyn. 

GIBRALTAR GYN. 

Part 2.-— Art. 4. 

The Gibraltar gyn is capable of supporting a weight of 50 
cwt. with perfect safety. 

OnejaU ©/"SJ in/ih white rope ^fathoms long. 

Two pieces of 2i inch tarred rope^ each 20 feet long. 

One stopper J about 5J feet long, of 2J inch tarred rope, more 
than one half of it plaited as a gasket. 

One iron triple block, with brass sheaves, to which is attached 
a bar of iron 2^ feet long for^ suspending the gun, its ends turned 
up to prevent the slings slipping oflf. 

J^our common handspikes. 
One Twn-commissioned officer^ and six men required. 

Disposition, and duties. 

Left side. Might side. 



No. 3 runs the carnage up, 
and back, heaves round the 
windlass, assists No. 7 to sling 
the gun. 

No. 6 runs the carriage up, 
and back, assists to hold on 
the fall, stoppers, and un- 
stoppers it. 

No. 7 slings, and unslings the 
gun at the chase, and 
steadies it, places the stool 
bed. 



No. 2 runs the carriage up, 
and back, heaves round the 
windlass, assists No. 6 to 
sling the gun. 

No. 4 runs tne carriage up, and 
back, holds on the fall, makes 
it fast, and lowers the gun. 

No. 6 slings, and unslings the 
gun, near the first reinforce, 
steadies the gun, places the 
quoin, and overhauls the 
tackle. 



With four men {in addition to No. 1 tAe non-com.missioned 
officer^ Nos. 4 and 5 perform the duties of Nos. 6 and 7. No. 1 
steadies the gun. The whole of the detach&ent will be required 
to move the gyn. The rear of the Gibraltar gyn is the part where 
the wmdlass is fixed. It is immaterial on which side of the eun 
the rear of the gyn is placed. 

WhenpUiced hvhand, Nos. 2 and 3 Uft on the outride of 
tne tront axletree, Nos. 4 and 5 on the inside of the rear one. 
assiRted by Nos. 6 and 7 opposite to them outside TTW uj^ 

tCSxlfr::;' ^ ' ""^ ""'' '* '^' '^"^ Nos. '^'^dT^ 
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Pbbfabe to sling the gun. Sling the gun. Haul 

m THE BLACK. HeAVE ROUND THE WINDLASS. HaLT. 

Stopper the pall. Shift the pall. {The FaU is shifted^ 
and the Word again given) Heave round the windlass. 
Halt. Unstopper the fall. Heave round the wind- 
lass. Halt. Make fast the fall. Kun the carriage 
UP. Heave. Halt. Prepare to lower the gun. Lower 
the gun. Halt. CJnsling the gun. 

slinging a mortar. 

The suspending bar must be placed between the dolphins, in 
the direction of the axis. 

SLINGING A howitzer. 

A howitzer is slung in the same manner as a gun. 

SLINO CART. 
Part 2.— Ah, 6. 

One sling of 6-inch white rope, (with an eye splice at each 
end) 2 fathoms in length. 

One piece of i-inch rope 2 feet long. 

One pry pole with rope 2 J inch 3 fathoms long. 

TvH) levers 8 feet long. 

Two lever ropes, 2 inch tarred, each 2 fathoms. 

Two pawls. Four common handspikes. 

Two pieces of short skidding about 4J feet long, and 5 or 6 
inches square. 

One non-commissioned officer, and six men. 

Disposition, and duties. 



Left, or near side. 

No. 3 has charge of the left 
lever, and skids the gun when 
necessary. 

No. 5 has charge of a handspike, 
assists No. 3 at the lever, and 
skidding, and raises the weight 
when it is to be lashed. 

No. 7 assists No. 3 at the lever, 
slings, and unslings the gun, 
and lashes it to the pry pole. 



Eight, or offside. 

No. 2 has chaise of the right 
lever, and skids the gun, when 
necessary. 

No. 4 in like manner assists 
No. 2, &c. 



No. 6 assists No. 2 at the lever, 
slings, and unslings the gun, 
and lashes it to the pry pole. 
No. 1 puts in the pawl, and commands. 

Form the order of march. Quick march. Form the 
order of exercise. Quick march. Back the cart over 
the gun. Halt. TJnlash the pry pole, levers, and hand- 
spikes. Overhaul the sling. Prepare to raise the right 
(or left) trunnion. Heave in the slack. Tailil \iY \;sn^^«». 
Bight lever take a pvbcba&jl Hbavs. (^isxt ulniss. "ilk&s^ 
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A PDRCHASB. RlGHT LEVER FETCH. LeFT LEVEB HEAVE. RiGHT 
LEVER TAKE A PURCHASE. LeFT LEVER FETCH aUernctUly OS 

long as necessary.) Halt. Out levers. Sling the gun. 
Heave in the slack. Levers. Heave. Left lever hold 
ON. Right lever fetch. {The Words "Hold on'' ''Fetch,'' 
and ''Heave," to he given until the gun is close to the axletree.) 
Halt. Out levers. Prepare to raise the breech. Heave. 
Take a fresh purchase. Heave. Halt : the direction of the 
pry pole rope should now he vertical. Lash the breech. Lash 

levers, AND handspikes. 

unslingino a gun. 

TJnlash levers, and handspikes. TJnlash the pry pole. 
(Left lever hold on. Right lever fetch. Right levee 
hold on. Left lever fetch, as long as necessary.) Ease opp. 
Out levers. Unsling the gun. 

slinging a howitzer. 

A howitzer is slung, and unslang, according to the foregoing 
details. 

slinging a carbonade. 

When a carronade is slung, it is not to be previously slewed, 
but the sling is passed round it in rear of the loop; when raised 
high enough by the windlass, (the direction of the pry pole being 
vertical) the loop will be on the near side of the cart. 

unslinging a carronade. 

Precisely the same as unslinging a gun. 

slinging a mortar. 

A mortar is slung with its muzzle to the rear. The sling is 
put on in front of Both trunnions. For a 13-inch mortar the 
wheels of the devil carriage ought to he used for the sUng cart. 

unslinging a mortar. 
Performed in the same manner as unslinging a gun. 
slinging a mortar bed. 

The windlass for raising mortar heds is of a different con- 
struction to that for guns; it is square in the middle, and cylin- 
drical at each end; both ends of the sling are to be put on the pins 
placed for that purpose, on the square part of the windlass, which 
m this case bears the whole weight, and requires six men to raise 
the bed. The bed is to be slung with the front part towards the 
rear of the cart. Previous to slinging, if the bed be not on skida, 
the hind part must be raised 8 or 9 inches off the ground, and 
propped with quoins, or skidding, &c., to allow the sling to be 
passed under. If the cart be required to raise the bed, it is mn 

hack over it, till the axletree is half-way between the hind part of 

^e bed, and the hind part o£ the tTuximoTi\iQ\<i, 
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UKSLiNania ▲ kobtab bed. 

The converse of slinging. 

Weight, dimensions^ i&c, of tcuskle, for sling cart. 

Lever ropes, 2 inch tarred, 4 fathoms 4 J lb. 

8ling 5i inch white rope, 2} fathoms 11 lb. 

Total weight Ifijlb. 

IMPBOYBD 8LINO WAOGOH. 

Part 2.— Art. 7; , ^ 

The improved sling waggon is a machine for the moving of 
heavy ordnance, and their standing, or garrison carriages. It is 
composed of a devil carriage with a windlass on the top of the rear 
bolster, or axletree; hence miiting the properties of the sling cart, 
and devil carriage together. 

One sling of 5-tnch white rope, with an eye-splice at each 
end: length complete, 2 fathoms. 

One sling-tie of 1-inch tarred rope, 2 feet. Tvoo levers, 7 feet. 

Two lever-ropes, 2-inch tarred ropes, 2^ fathoms each. 

One breech-rope, 2i-inch tarred rope, 6 fatiioms. Two paiols. 

Four common handspikes. 

Two pieces of skidding, about four feet long, and 6 or 7 inches 
square. One pair of strong drag-ropes. 

One non-commissioned officer, and eight m>en; hut one non- 
commissioned officer, and six men can sling an IQ-pounder, or any 
weight below a 24rpounder. 

Pbefabe to unlimbbb. Unlimbbb. Out levebs. Pbb- 
pajte to tx7bn the gun cabbiaob oveb. tubn the gun 

OABBIAOE OVEB: HEAVE. TaKB OFF THE TBUCKS. PBEPABB 
TO LIFT THE CABBIAGB FORWABD : HBAVE. FiX THE OABBIAGE 

gLiNo. Take up levebs. Right (ob left) leveb take a 

PUBCHAJ3E: heave. OUT LEVEBS. OfF SLING. PbEFABB TO 
LUCBEB X7P. LiMBBB UP. PUT ON THB TBUCKS. FOBM THE 
OBDEB OF EXBBCI8E. QuiCK HAJICH. PbEPABE TO BAISE THB 
TBUNNION ON THE BIGHT (OB LEFT). HeAVE IN THE SLACK.* 

Take up levebs.* Left leveb take a pubchasb.* Right 

LKVBB take a FUBCHASE.* SlING THE GUN.* LeFT LEVEB 
HOLD ON ; BIGHT LEVEB FETCH.* 

Pbepabe to baisb the bbeech. Raise the bbeech. 
Fbap, and xake fast. Fix stool bed, and quoin; and pbe- 

PABB to LASH levebs, AND HANDSPIKES. FOBX THE LINE OF 

XABOH. 

DISMOUNTING THE GUN, AND CABBIAOE. 

PlAOS skids. UnLASH, and SCOTCH THE WHEELS. UnLASH 
THE BBSSGH. FOBM THE OBDSB OF EXEBCISE. LeVEBS TAKE 



* See Sling eart Exerdse, page 179. 
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A FOBCHASE TO LOWEB THE GUN. BeAB DOWN. EaSB OFF. LkFT 
LEYBB HOLD ON. BiGHT LBVEB FETCH. LeFT LEVEB FETCH. 

Ease off. 

blinoing howitzebs. 

An 8, or 10-inch howitzer is slung the same as a gun; but as 
the axle-tree arms of a 10-inch carriage occupy nearly the space 
between the wheels of the waggon, it is best to put on one truck 
before the other ; and, in consequence of the cheeks not having 
steps, it is necessary to lash the carriage to the frame of the 
waggon with the lever-ropes. The carriage for the 8-inch being 
shorter than that for the 10-inch howitzer, a small alteration is 
made in the method of lashing, in order to prevent the carriage 
slipping to the front, when travelling down hill. 

SLINGING A CARBONADE. 

A carronade must be slung with its muzzle to the front, the 
sling being passed round in rear of the loop, which should be 
on one side when the carronade is slung, and two or three hand- 
spikes will be required in the. muzzle to lash it up to the perch. 
Two small blocks of wood about 8, or 10 inches long, and 6^ or 
7 inches square, vrill be required on the transom, near the hind 
axletree, for the breast of the carriage to rest upon. 

SLINGING MOBTABS. 

A 13-inch mortar requires a carriage for itself; but a 10, or 
8-inch, on their beds, may be carried by the same carriage. When 
a 13-inch mortar is to be slung, it must be turned so as to bring 
its muzzle to the front; it is then to be slewed the same ass 
gun; the sling passed round in front of both trunnions, and s 
piece of short skidding put into the muzzle, by which it ia lashed 
up to the perch. The muzzle is raised, and secured the same as s 
carronade. 

By the above method the mortar is supposed to be dismounted 
and lying on skids ; but should the mortar be mounted on its bed, 
the number of men attached to the waggon could not dismount it 
in the common manner ; it will therefore be necessary to have s 
double-barrelled windlass, in order to sling the mortar, and bed. 

LiFrma jack. 

Part 2.— Art, 8. 

The lifting jack composes part of the equipment of evciy 
battery, and battering train ; it is applied to the same purpose as 
the long lever, but requires much less power to put it in motion. 
In the Artillery Service it is used for raising g\m or other carriages 
from the ground, in order that their wheels may be greased, or 
exchanged, in extricating wheels out of ruts, &c. In marshy ground 
a piece of board must be put under it to prevent it sinking. 

There are three kinds in the Service: 

Ist. The common lifting jock, ^^skV \% lot ^^Vl carriages. 
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2ntL The tooth and pinion jack^ which is of greater power 
tiian the first. 

3rd. The screw jaekj which is of greater power than either 
of the former. 

FULCBUMS, AND PROPS. 

PaH 2.-'Art. 9. 

Ffdcrums^ and jtropit are pieces of wood of Tarious lengths ; 
iny piece of timber will do. There cannot be a better prop than 
a quoin, when it is long enough ; or a piece of wood of uiat shape 
of a proportionate size. 

CRAB CAPSTAN. 
PaH 2.— AH. 10. 

cwt. qrs. lb. 

Weight of capstan 3 1 22 

Tivo bars {or levers) 2 2 

Total 3 3 24 

The crab capstan is used to raise and lower, with few men, 
considerable weights : to get guns, &c., up precipitous ascents, 
ramps, &c. ; stretching and hauling taug;ht the sheer line in pon- 
toon bridges, &c. In using the capstan, it must be fixed by ropes 
to a post driven in the prolongation of the line in which the body 
to be acted on is to move. The running end of a single rope or 
ftM is passed two or three times round the barrel, and this end 
must always be uppermost. The number of men required must 
depend upon the application of the capstan, whether to lift weights 
entirely off the ground, or to haul them up an inclined plane ; but 
six men at least are required, four for the capstan bars, and two to 
hold on the fall. The bars are long enough to allow six men being 
applied to each, three at each end. 

The gyn windlass may be applied to the same purpose as a 
capstan, by laying the cheeks of it on the ground, and securing 
them with posts : the fall of the tackle is passed round the wiu£ 
lass, which is worked in the usual manner. 

ROLLERS. 

PaH2.—AH.l2, 

BoUers are of great service in the Artillery ; by their means 
guns can be mounted on their carriages ; can be moved through 
sally ports, narrow passages, &c. For moving euns through sally 
ports, they are pierced with two holes at each end, which cross 
each other at right angles, for the points of levers ; they are 6, 4, 
and 3 feet in length, and 8 inches in diameter. For mounting 
guns, &c., they are smaller. Vide Part 3. — AH. 1. 

The rollers are to be placed at right anglea to t\v& '^y'^^^^^t^ 
jecting equally on each aide. With few men, taA\iV!^«, QX ^^^^\Jdsi%^ 

n2 
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may be used for moying the gun instead of levers for the rollers ; 
and in crooked passages, pidkets may be driven at the turnings, 
and leading blocks fixed to them ; or drag-ropes may be attached 
to the cascable, or muzzle. The number of men required must de» 
pend on the nature of the gun, and the ground over which it is to 
pass. Four men are at the levers, two steady the gun, two shift 
the rollers, two with the handspikes ; when levers are not used, 
the men who are posted to them will man the muzsle, or breech- 
rope. 

MOtJNTING, AND DISMOUNTING ORDNANCE; 
WrrHOUT A GYM". 

Part ^.—Art. 1. 

Handspikes — ^8 or 10, some of which ought to be bevelled. . 

Levers — 8, 10, 12, and 14 feet in length. 

Fukrums — 2 feet long, 1 foot broad, and 7 inches thick; 
handspikes, or any other pieces of wood will serve as folcmms. 

Skids — 14 feet lonff, and 7 inches square ; two 3-inch pluiks, 
or three 2j-inch bolted together with their ends bevelled will 
answer. Parbuckling a gun sometimes requires skids 20 feet long, 
and 8 or 9 inches square. Skids for mortars, and their beds should 
be 12 feet in length, and 8 inches square for the 13-inch, 6 inchei 
by 7 for the 10-inch, and 6 inches square for the 8-inch mortar. 
These skids are kept together by iron oolts of one inch diameter. 
Short skids for placing across the cheeks of gun carriages, &C., 
should be from 2 feet 8 inches to 3 feet long, and from 9 inches by 
6 to 4 and 3 inches square. 

Props may be of any scantling, but not under 5 inches square, 
and from 2) to 3J feet long. 

Boilers ought to be in sets of three, and hollowed out about 
a quarter of an inch in the middle. 

Ist set 3 to 4 feet long, 7} inches in diameter. 

2nd do 3 feet 7i do. 

3rd do 2ifeet 6 do. 

4th do 2 feet 6 do. 

6th do 20 inches 5 do. 

6th do 14 inches 6 do. 

Planks for shifting guns from one carriage to another, 3-inch 
deal about 10 feet long and 11 inches wide ; lor shifting a gun 
from a parapet to a traversing platform, they should be of 2^inch 
oak plank, and about 12 or 14 feet long. 

Quoins, 2, 3, or 4 common. 

Wedges, or scotches, or chocks — 9 inches long, 5 broad, and 
4 at the butt end ; others of 12 or 15 inches long, 6 broad, and 3, 
2, and 1 at the butt end. 

Park pickets 4 or 6. Mauls 2. 

J\irbucMes — 4-inch rope 12 fathoms long, with a hook at one 
end, and a ioop at the other. 
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LashingB of 2-ixich rope — Single 1 fathom in length. 

Double 2 do. 

Triple 3 da 

Drag-ropes from 22 to 30 feet long, with a hook at one end, 
and thimole or loop at the other. 

Luff tacJdea — blocks 8-inch ; the falls each 12 fathoms of 
2}-inch rope. 

Straps of various dimensions — some of 3^4nchrope, 8 feet long. 

Boxes, and blocks of elm — a set consists of two boxes, or 
blocks of each size. 

TO SAISE A aUN OUT OF THE TRUKNION HOLES, 
PBEPABATOBT TO DISMOUNTING. 

Part Z,—Art. 3. 

One nonr-commissioned officer ^ and 18 men. 
One l^inch roller, or the gun roller. Eight or ten handspikes. 
Two short skidSf one 6 and the other 4 or 5 inches square, and 
if the gun is to be raised very high, an 8 or 9 inch skid. 

PbEPASE to SAISE THE GUN. BeAB DOWN. EaSE OFF. LiFT. 
LOWEB. 

The mode of i^owianrsa a gun, which is resting on rollers, or 
skids, into its carriage, is exactly the converse of the preceding ; 
the same operations of bearing down, removing rollers, &c., aro to 
be performed. 

TO DISHOUNT A GXTN, BKEECH FOBEHOBT, DOWN THE TBAIL OF 
A GABBI80N CABBIAGE; AND ALSO TO HOUNT IT, 

Part 3.— Art. 4. 
Wlhen the gun on the ground has to he placed on skids. 

With a lever — One n,on-commissioned officer , and 6 wen. 

With handspikes — One non-commissioned officer and 10 m.en. 

1 lever, 1 fulcrum, 6 or Q handspikes; if no lever, 8 hand- 
spikes, 2 sJiort skids. With a travelling carriage, 3 fathoms of 
Si-inch rope. 

Pbepabe TO baibe the muzzle. Beab down. Peepabe to 

BAISE THE BBEECH. BeAR DOWN. 

TO BAISE THE BBEECH OF A GUN BT MEANS OF A TBAVELUNG 

CARBIAGE. 

One non-commissioned offi^^er^ and 12 men. 
Fix the oascable bope. Bxjn the caebiage fobwabd. 
Scotch the wheels. Lift the tbail. Loweb the tbail. 

Art. 5. 

TO CHANGE THE WHEEL OF A TBAVELUNG CABBIAGE, WHICH HAS 

A GUN MOUNTED ON IT. 

1st. The trail serving as a lever. 

One non-commissioned offi>cer, and 5' men. 

Pbepabe to change the off wheel. Unlimber. Lo'wiaL 

THE TBAIL. RaISE THE TRAIL. LoWER TH« TUXll^. 

Instead of handspikes, a block of wood, ot two (^y^^voA '^^^^ 
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lengthwise, one over the other, for the yertical quoin to rest on, 
will answer equally well. 

The above is an easy and expeditious mode of taking o£f the 
wheel of a heavy gun to grease it. 

27id. When a lever, and fulcrum are used. 

One non-commissioned officer, and 9 men. 

Prepare to change the off wheel. Place the FULCBVif . 
Place the lever. Bear down. Ease off. 

Art. 6. 
to DiSMOUirr, and to mount a trayellino cabbla.oe, with, 

OR WITHOUT A GUN UPON IT. 

Ist. With a gun mounted on it. 

One non-commissioned officer, and 18 men. 

2 levers, each 13 or 14 feet long, 2 or Aftdcrums, 6 or % 
pieces of short skidding, 3 pickets, 1 jnaul. 

Prepare to dismount the carriage. Place the leyebs. 
Bear down. Kemoye the wheels. Place the bkids. Ease 
OFF. Shift the fulcrums. (Place the leyers. Bear down. 
Ease off, as long as requisite.)^ 

In mounting a carnage with a gnn on it, the duties are con- 
versely the same as detailed for dismounting. 

2nd. When there is no gun to the carriage. 

Prepare to dismount the carriage. Ln?T. Lift. Lowei. 

The carriage is mouated by the converse method. 

Ah. 7, 

to dismount a gun, breech foremost, oyer the trail of a 
travelling carriage, and alsq to mount it. 

One non^commissiorted officer^ and 18 men. 

1st. To dismount the gun. 

2piece9of Z-ineh rope, each & fathoms^ or 2 parhuckle$i 3 
rollers, one of them of the largest size, the other two 6 inches mi 
diameter and 30 inches long, 2 drag-ropes, 8 or 10 handspikes. 

Prepare to dismount the gun. Fix steadtino hand- 
spikes. Bear down the muszle. Raise the muzzle and loweb 
THE GUN. "When the rollers require shifting. Hold ok. Baise 
THE BREECH, OR THE MUZZLE, as required. 

2nd., To mount the gun. 

2. luff tackles complete, 2 single lashings, or 2 straps, 1 large 
strajp, or 1 parbuckle, or similar piece of rope, 4 rollers, Z of them 
S6rineh,_ handspikes, drag-ropes, and scotches, as before. 

Raise the muzzle. Run the carriage back. P&kpabe to 

MOUNT the gun. MaN THE TACKLES. HaUL AWAY. 

Art. 8w 

TO DISMOUNT A GUN, BBEECH F0BEM08T, DOWN THE TRAIL OF A 
OABRISON CARRIAGE, AND ALSO TO MOUKT IT. 

^^ fionrcommis^iontd oJUcer, cmd \^ mci^. 
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2 parlmckleSj or S-pieces of B-inch rope^ each 6 fathoms^ 

1 of the largest sized rollers j 2 14-incA roUerSj 2 drag-ropes , 
10 handspikes^ 1 S-inch plank, 8} /e«j 2o7i^, 2 wedges, 1 «ma2/ 
^>^ece of thick skidding. 

PSBPABE TO DISMOUNT THB GUN. BeAB DOWN. EaSE OFF. 

Lift the muszle. Loweb. Fix the pbeyenteb bopes. Beab 
DOWN the muzzle. Ease off the muzzle. Heaye, and loweb 
THE gun, until it reaches the ground. 

TO MOUNT THE GUN. 

8 handspikes, 2 luff tackles complete, 1 double lashing, or 1 
stout strap for do., 1 large strap, or a parbuckle, or similar 
piece of rope, 1 large roUer, 3 feet long, 8 inches diameter, 2 
14-inch roUers, 1 plank, 2 wedges^ 1 piece of thick skidding. 

Raise the muzzle. Pbepabe to mount the gun. Place 

THE PLANK. MaN THE TACKLES. HaUL AWAT. 

Art. 9. 

to dismount a gun FBOM a GABBISON CABBIAGE; bt tubning 
THE CABBIAGE OYEB ; AND ALSO TO MOUNT IT. 

With an 8 feet lever, 1 non-commissioned officer, and 4 men. 
With 8 handspikes, 1 non-commissioned officer, and 8 men, 

Isft. — With a lever, 

Pbepabe to dismount the gun. Pbepabe to baise the 

BIGHT SIDE OF THE CABBIAGE. Heaye, uutll the Carriage is 

turned over, and the gun falls out. 

2nd. — With handspikes. 

The handspikes are applied, and the operation proceeds as 
detailed before. 

TO MOUNT THE GUN. 

One non-commissioned offi/ier, and 30 men for a 2^pounder. 

2 pieces 3i or ^inch rope, each about 12 fathoms long, 5 hafid- 
spikes, 2 drag-ropes, if necessary, and should the carriage have 
no capsquares, 1 lashing rope or drag-rope, about BO feet long. 

Fix the bousing bopes. Haul away. 

Art, 10. 

to SHIFT A GUN FBOM ONE SIEGE CABBLA.GB TO ANOTHEB, 

MUZZLE FOBEMOST. 

One non-commissioned officer, and 18 men, 
8 or 10 handspikes, 2 gun rollers, or 3 14-inc^ roller s, 2 drag- 
ropes, 2 single lashings, the quoins of the carriages, 4 or 8 scotches, 

Ist, The carriage with the gun limbered up, 

Pbepabe to baise the bbeech. Beab down. Ease off. 
Lift. Loweb. Scotch the wheels. Fix steadying hand- 
spikes. Fix bbeech and muzzle bopes. Raise the muzzle. 
Loweb. Raise the bbeech. Ease off. Heaye. 

Part B.^Art, 11. 

to shift a gun FBOM ONE GABBISON CAKBIAGt^ TO AiS^QTYSSS^ 

One non-commissioned officer^ and 1^ mew. 
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8 handapikeSf 3 l^inch roUert, 1 pUmkf or, instead of a 
plankf 4 or 5 handspikes^ 2 draa ropeSj 2 sinale lashings^ 4 
scotches or toedges, 2 short skids, should the stool bed be fixed to 
the carriage. 

Pkepare to baise the gun. Scotch thb trucks. Fa 

STEADYING HANDSPIKES. PlACE THE PI^NK. FiX MUZZLE, AKD 

beeeoh bopeb. 

Ah. 16. 
to mount a gun on a standing carsiage by pabbuckliko, 

and also to dismount it. 

One nonrcommissioned officer ^ and 18 men. 

8 or 10 handspikes, 2 parbuckling skids, 2 pieces of short 
skidding, each abotU 9 inches by 6, 2 parbuckles, 2 single lashings, 
2 drag-ropes, 4 wedges. 

Place the skids, and fix parbuckles. Prepare to pab- 
buckle the gun. hsave, or haul. lower the breech. 

He AYE UP THE MUZZLE. HaUL, OR HE AYE OF ALL. ReMOVS 
THE SKIDS, AND PARBUCKLES. 

TO MOUNT, AND DISMOUNT A GUN WITH A LEYEB AND BOXES) 

OR BLOCKS OF WOOD. 

Fart B.—Art. 23. 

One non-commissioned officer, and 10 men. 

The principle is that of sdtemately lifting the breech, and 
muzzle of the gun, and placing boxes, or blocks under it, until 
raised as high as required. 

Dimensions in inches. 

Length. Breadth. Deptii. 

i26 ... 22 ... 12)2}-inch p>lank for sides, 
16 ... 16 ... 16/ and 3-inch for bottom. 
16 ... 12 ... 8 l^inch plank. 
16 ;;; 6 ;;; 2 

In placing them, the grooYes cut in them must be made to 
correspond. 

Instead of boxes, pieces of plank will answer the purpose, but 
a great number will be required. 

The collars are 16 inches long, 5 inches wide, and 5 inches 
deep ; they are excavated for about 2^ or 3 inches of their depth, 
in order to fit the gun ; and the edges of the under side rounded 
off. 

Two pieces of girth web, each about 17 inches long, are 
required for each coUar, one end being nailed to tbe end of the 
collar, and the other end having a ring attached to it. 

Four pieces of quilting line for tne above. 

One round lever, of VI feet. Four comxtwrn WnJ[*5i{fce«, 

A Bet of boxes is placed ou ewiV %\^ft ^'i^ ^'^ «3av. \i^% ^gsa. 
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be in battery, it must be brought across the platfonn, or made to 
point to the rear, to give room for working the lever. 

The operation is only applicable to garrison carriages. 

Dismounting a gun, 

Pbepabe to dismount the gun. Bear down. Fix the 
coLLAfis. Ease off. Place the fbont boxes. Bear down. 
Run the carriage back. Halt. Place the rear boxes. 
Ease off. (Lift. Lower. Bear down. Ease off, to be 
given alternately, and the boxes or blocks to be removed, or put 
under the gun, so as to diminish the height from two to four inches 
at a time.) 

Mounting the gun. 

The operations are exactly the converse of the foregoing. 

TO MOUNT, AND DISMOUNT MORTARS ON, AND FROM THEIR BEDS. 

Part d.—AH. 25. 

13-inch mortar ... 1 non-commissioned officer and 18 men. 
10-inch do. ... 1 do. do. 8 men. 

8-inch do. ... 1 do. do. 4 men. 

4 handspikes, 2 drag-ropes, 1 wrench, 1 hammer. 

The mortar is supposed to be lying vent upwards, breech 
towards the bed, the breast of which is towaras the mortar. 
Capsquares removed. 

Mounting, 

BaISS the HOBTAB ON ITS MUZZLB. HeAVE, AND HAUL. 

Bun THE BED UP. Shift the dbag-bopes. Heave, and haul. 
Bbing THE mobtab vsbtioal. Heaye, and haul. 

Dismounting. 

Bbing the mobtab vbbtical. Heave, and haul. Halt. 
Take off oapsquabes. Fix the drag-bopbs. Heave/ and 

HAUL. 

to mount, and DISMOUNT HOWITZEBS. 

Part Z.—Art. 28. 
10-inch howitzer, 1 non-commissioned officer^ and 18 men. 
8-inch howitzer, 1 non-oommissioned offi/cer^ and 12 men. 

One lever. Four or six handspikes. Twofulcrwms. Two 
pairs of drag-ropes^ or one pair and aparhuckUng rope. Two 
or three pieces of skidding. One hammer, 

TO BAISB a 10-INOH HOWITZEB ON ITS MUZZLE, WITH 

DBAG-BOPES. 

The howitzer is supposed to be lying on the ground, vent 
upwards. 

Pbepabe to baise the bbeeoh. Beab down. Ease off. 
Hook dbag-bopbs to oasoable. Pbepaba tso ^.kls^ ^w^ 

HOWrrZBB on its muzzle. HeAVE^ AKD HA.\31i. 
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TO MOUNT A 10-INOH HOWITZEB ON A GABBI80N CABBIAGB. 

The howitzer is supposed to be standing on its muzzle. 

Bun the carriage forward. Scotch the trucks. Pre- 
pare TO RAISE the trail. LiFT. HaLT. PuSH THE HOWITZIB 
on THE CARRIAGE. FiX THE DRAG-ROPES. HeAVE, AND HAUL. 

to dismount a 10-inch howitzeb from a garrison cabriagb. 

Scotch the trucks. Prepare to raise the cabbiagi. 
Heave (ob lift). Hook dbag-bopes on cascablb. Haul 

OUT THE HOWITZEB (OB BAISB HOWITZEB ON MUZZLE). BUH 
THE CARRIAGE BACK. PREPARE TO LOWER THE HOWITZEB. PuSH 
THE HOWITZER OVER. 

TO MOUNT AN 8-INCH HOWITZEB ON A TRAVELLING CABRIAGB. 

The howitzer resting on its muzzle, and carriage run up, 
capsquares removed. 

Prepare to unlimber. Unlimber. Lift the trail.* 
Halt. Push howitzer on carriage. Put on capsquark. 
Take a purchase under muzzle. Limber up. 

to mount an 8-inch howitzer on a garrison oabriage, 
Is performed precisely the same as the 10-inch howitzer. 

TO DISMOUNT AN 8-INCH HOWITZER FROM A TRAVELLING CARRIAGE. 

* Vide preceding. When the trail is nearly vertical, 
Place handspikes for muzzle. Unkey capsquares. Hooi 

DRAG-ROPES. HaUL HOWITZER OUT OF CARRIAGE. LoWEB TBI 
TRAIL (or limber Up). BuN CARRIAGE BACK. LoWEB TBI 
HOWITZER (OB PUSH THE HOWITZER OVER). 

To dismount an S-inch howitzer from a garrison carriage, ii 
performed as detailed for the 10-inch howitzer. 

Art. 30. 

TO DISMOUNT, AND MOUNT OABBONADBS. 

68-pounder ) 



H!!}' 



24-pounder yl N. C. officer-^ 8 ymen, 
12-pounderJ 

2, 4, 6, or 8 handspikes^ 1 hammer^ 2 double lashings. Fo 
the 68-pounder carronade, which is mounted by parbuckling, ! 
skids, (Aout 8 or 9 feet long^ or 4 pieces j each about 2ifeet long 
2 parbuckles. 

TO MOUNT A 68-PB. OABBONADE BT FABBUOKLIMO. 

l^^. — In the common fjoay^ with skids. 

Place skids, and fakbuckles. Pinch the gabbohaim 
FORWARD, Heave. Halt. Put ik Tsa -bk^^aT. 
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2nd. Over the trail of the carriage. 

Raise the cabbonade. Run the carriage back. Fix 

PARBUCKLES. HeAVE, AND HAUL. PlACE HANDSPIKES. HeAYE 

AND HAUL. Cast off parbuckles. Slew the cabbonade. 
Pinch the cabbonade fobwabd. 

A 68-POUNDEB MAY BE DISMOUNTED hj the coBverse of 
either of the foregoing modes ; or it may be dismounted by 
throwing it off the carnage to the ground. 

to mount a 24-?b. cabbonade. 

Prepare to mount the carronade. Lift. Lift. Lift. 
Halt. Cast off LASHiNa ropes, and handspike. Put in 
carronade bolt. 

TO dismount a 24-pb. cabbonade. 

The elevating screw, and carronade bolt are removed, and the 
lashing, and handspikes arranged as before. 

£aye, (or lift.) Heave, (or lift.) Heave, (or lift.) 

The carronade may also be dismounted by throwing it off 
the carriage. 

TO MOUNT A 12-PR. CABBONADE. 

Performed in the same maimer as the 24-pounder carronade, 
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PAKT VIIL 

GUNNERY. 

By tlie Parabolic Theory, the greatest range is when tiic 
angle of elevation is 45^, or half a right angle ; and the rangef 
are equal at angles, equally above and below 45^. In projectikfl, 
moving with velocities not exceeding 300 or 400 feet per seoood 
of time, the Parabolic Theory will resolve cases tolerably near th( 
truth ; but in cases of great projectile velocities, that theory ij 
quite inadequate, without the aid of data, drawn from j^ood expen 
ments ; for so great is the effect of the resistance oi the air U 
projectiles of considerable velocity, that some of those, which ii 
the air range only two or three miles, would, in vacao, rangi 
between twenty and thirty miles. The effects of this resifltaaet 
are also various, according to the velocity, the diameter, and tin 
weight of the shot. 

By experiments it will be found that the greatest nne 
(instead of being constantly that at an elevation of 45°, as in m 
Parabolic theory), will be at all intermediate degrees between 42 
and 30** (with ordinary charges about 42''), being more or ksi 
both according to the velocity and the weight of the proje<^ 
the smaller velocities and larger shells ranging farthest wlie 
projected almost at an elevation of 45° ; while the greatei 
velocities, especially with the smaller shells, range farthest wit 
an elevation of about 30°. However, as sufficient experimenl 
have not yet been made to establish true rules for practici 
gunnery, independent of the Parabolic theory, we must at presei 
content ourselves with the data of some one certain expenment 
range, and time of flight at a given angle of elevation, and thfCi 
by help of these and the Parabolic theory, we can determine tl 
like circumstances for other elevations that are not greatly differa 
from the former, assisted by the following rules : — 

PRACTICAL RULES IN GUNNERY. 

1. — To find the velocity of any shot^ or aheU. 

It has been found by experiments, that with shot of met 

windage, and powder of mean strength, a charge of one-third 

the weight of the ball gives an initial velocity ot about 1600 & 

per second : therefore, to find the velocity aiven by any oth 

c/iarge, divide three times tlie weV^Yvt ot \\ve coarge by the w^ 

of the ball, and multiply the sc^wate looX. ol V^<& ^<(^>asoNiV) IW 
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the product will be tlie velocity in feet, or the space the shot 
passes over in the first second.* 

2. The first graze^ toith given eUvcstion^ and charge^ being 
hncwn^ to determine the charge for any other first grazej and 
devotion. 

Multiply the known charee and elevation into the proposed 
first graze, also the proposed elevation into the known first graze, 
and divide ^e first product by the last, for the charge required in 
ounces. 

3. Given the range for one charge^ to find the range for 
another charge^ or the charge for another range. 

The ranges have the same proportion as the charges ; that is, 
as one range is to its charge, so is any other range to its charge, 
the elevation of the piece being the same in both cases. 

Table of velocitieSt dbe.f ofsJieUs. 

Nature of shells, in inches 13 10 8 5jl 4J- 

Their weight (loaded) in pounds 200 92 46 16 8 

Charge of powder (land service) do 5 3 2 1 } 

The velocities 436 500 629 693 693 

From experiments on the veloeitiea of shot, the following 
results have been obtained : — 

1. The time of a haWs flight is nearly as the range j the gun 
and elevation being the same. 

2. The velocities decrease as the distances increase (arising 
from the resistance of the air, which opposes the progress of the 
shot,) in a proportion somewhat higher than the squares of the 
velocities throughout, and subject only to a small vanation. 

3. Very htUe advantage is gained^ in point of nmge, by 
increasing the charge more than is necessary to attain the object, 
the velocities given by large charges being very soon reduced to 
those by moderate charges ; those, for instcmce, given by half the 
shot*s weight are reduced to an equality with those by one-third, 
after passing through a space of only 200 feet ( Vide 8.) 

4. Very little benefit is derived from increasina the length of 
gunSf the velocity given by long guns of 22 calibres being reduced 
to an equality with that of short guns of 15} calibres wiUi similar 
charges, after passing through the following spaces — ^viz. : 

With i the shot's weight, about 285 

„ I do. do 200 

„ J do. do 150 

„ } do. do 115 

* ^7 the last ballistic experiment, eondacted in May, 1837, it was fbtmd 
tiiat, with a hearry 6-poander gim, a charge of l^b. gave a velocity of 1740 
feet, and a charge of 21b. a vdodtr of 1892 feet per aeoond. The shot em- 
ployed were of a h^h goage, windage only '078 inch, and the powder was of 
the ftrongest quality; the weight of the pendnlnm fired into was 58 cwt. 3<S2!^. 
16 lb. A light d>poander, two feet shorter than Vaib ^wavs ^jycram^«'<«n^ 
dmilar ohargei^ gave vaiodtiM of about 190 fMblan. 
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5. The resistance of the air against balls of different diameters 
with equal velocities, is very nearly in the proportion of the squares 
of their diameters, or as their surfaces. 

6. A very great increase of velocity may he acquired hy 
a decrease of windtwe, from i to ^ being lost by the windage 
of 70- the diameter of the bore. 

7. By firinq the charge in different parts (separately, or 
simidtaneously), by compressing the charge, by llie use of wads, 
by varying the weight of the gun to lessen the recoil, or even by 
stopping the recoil entirely, no sensible change is produced in the 
velocity of the ball. 

8. The velocity increases with the charge^ to a certain point, 
peculiar to each gun ; but, by further increasing the charge, the 
velocitv gradually diminishes ; yet the recoil is always increased 
by an mcrease of charge. {Vide 3.) 

9. The velocities of haUs fired unth e^udl charges increase to 
a certain point, when the gun is longer, m a proportion which is 
nearly the middle ratio between the square and cube roots of the 
length of the bore. 

10. When shot of different weights are fired with the same 
charges of powder, the velocities communicated to them are nearly 
in the inverse ratio of the square roots of their weights. There- 
fore, shot which are of different weights, and impelled by the 
firing of different charges of powder, acquire velocities which are 
directly as the square roots of the charges of powder, and inversely 
as the square roots of the weights of tne shot. By making use of 
shot of a heavier metal than iron (lead for instance) the momen- 
tum of the shot discharged with the same charge of powder 
would be increased in the ratio of the square root of the shot's 
weight, which would both augment the force of the blow with 
which it would strike, and also the extent of the range. 

Compound-shot, or shells filled with lead, fired with charges 
increased Jth, will increase the power of ran^ considerably. 

11. With common shells at 45° eUvatum, the time offiiakt 
is nearly equal to the square root of the range in feet, divided 
by 4 ; or, more nearl;^, equal to the square root of the quotient of 
the range in feet, divided by I&yv- 

12. Th>e range at 45° elevation is nearly equal to the square 
of the time of flight in seconds, multiplied by 16^ feet. The 
range at 15° will be about half that at 45°. 

13. Upon inclined planes, at any elevation, there are always 
two elevations with which any range may be obtained. 

The elevation which gives the greatest range, on a given 
ascent, is equal to half the sum of 90° added to the ascent. 

The elevations which give equal ranges on a given aseeiU, 
are the complements of each other added to the ascent. 

TJie elevation which gives the greatest range on a descent, 
is equal to half the complement of the descent. 

1 4. The depths j»enetrated by boUa o} tKt %ame ttse itd/o wooit 
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with different velocities, or charges, are nearly as the nquares of the 
velocities. Balls of different sizes will penetrate to depths propor- 
tionate to their diameters : therefore a greater hall will not only 
make a larger hole, hut will also penetrate farther than a small one 
with the same velocity. 

15. By experiments at a mean range, it has heen ascertained 
tiiat in common earth, dug up and well rammed, a musket ball 
buries itself nearly IJ foot; a 6-pounder from 3 J feet to 4J feet; 
9-pounder from 6J feet to 7 feet ; 12-pounder from 8i feet to 10 
feet; 18, and 24-pounders from 11^ feet to 13 feet. 

THEORY, AND PRACTICE OP GUNNERY, 
APPLICABLE ESPECIALLY TO THE SERVICE OF NAVAL OBDNANCE.* 

Dovhle shotting. 

Double shotting may be used with all 32-pounder guns above 
those of 32 cwt., at distances not exceeding 400 or 500 yards ; but 
the most efficient practice with two shot is at 300 yards. The 
32-pounders of 32 cwt. and 25 cwt. should not, however, be so used 
beyond 200 and 250 yards. 

With double loadings of round shot and grape, when the shot 
is put in first, the projectiles range more together than when the 
reverse process is used; such loading requires, however, more 
elevation to be given to the gun than when single shot are used, 
on account of the grape shot impeding the flight of the round shot. 
A double load of grape from the same gun ranges tolerably well 
together for 300 yards. With a double load of case shot, even 
with half a degree more elevation than when a single load is used, 
ft great many balls will not range above 100 vards to the first 
eraze ; within this extent they lose much of their velocity, and 
tew reach an object at 200 yards. A 32-pounder gun of 56, or of 
50 cwt., double shotted with charges of 61b., requires at 400 yards 
1^ degree of elevation; at 300 yards 1 degree; and at 200 yards 
half ft decree ; and, in general, half a de^ee must be added, with 
any double loading, to the elevation required with single shot. 

For round, and grape, at 400 yards, there is required IJ 
degree of elevation ; and at 200 yards half a degree. These pro- 
jectiles range well together at a target, but they should not be 
used at a greater distance than 150 ^ards, on account of their 
dispersion, and the differences of their striking velocities, and 
penetrating forces. 

With a single load of grape at 400 yards, the elevation 
required is 1 degree, a full charge of powder being used. With a 
double load of grape at 400 yards, and the reduced charge, the 



* VOe Lientenant-General Sir Howard BougVaa* valxmStAe -^kotV, cso^iC^^ 
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elevation required is 3J^ degrees; at that distance, however, double 
grape scatters so much as to make very bad practice. 

The effects of wads. 

Experience has proved that different degrees of ramming, or 
different dimensions of wads, make no sensible alteration in the 
velocities of the ball as determined by the vibrations of the sus- 
pended gun. Stout firm junk wads, so tight as with difi&culty to 
be rammed into the gun, have been used ; sometimes they were 
placed between the powder and ball, sometimes over both, but no 
difference was discovered in the velocity of the ball. Different de- 
grees of ramming were also tried without wads. The charge was 
sometimes set home without being compressed; sometimes rammed 
with different numbers of strokes, or pushed up with various de- 
grees of force ; but the velocity of the ball remained the same. 
With great windage, the vibrations of the pendulum were mnch 
reduced, although tightwads under the shot were used; so that 
wads do not prevent the escape of the inflamed powder by the 
windage, nor under any circumstances occasion any sensible diffe^ 
ence in the velocity of the ball. 

From experiments made on board the * Excellent/ in 1847, it 
was found that a grummet wad is more efficient than one of junk, 
in preventing the cartridge from shifting its place in the bore when 
the guns were run out with a strong jerk. 

With respect to small arms, it is found that wads of different 
kinds have different effects upon the projectile, by modifying the 
action of the charge ; and from experiments which nave been made 
in the United States with a musket pendulum, the following resultB 
have been obtained : — ^With a charge equal to 77 grains, a musket 
ball, wrapped in cartridge paper, and the paper crumpled into a 
wad, the velocity of the oau was 1342 feet; and when two fett 
wads, cut from a hat, were placed on the powder, with one on tiie 
ball, the velocity was 1482 feet. With a chai^ equal to 140 
grains, two felt wads being placed on the powder, ana one on tke 
ball, the velocity was 1525 leet; when cartridge paper was need, 
crumpled into a wad, the velocity was 1575 feet: and when one 
wad of pasteboard was placed over the powder, with another on the 
ball, it was 1599 feet. These results seem to indicate that wadf 
made of the stiffest materials are the most advantageous. 

Penetration of shot. 

Experiments were made in 1848 on board H.M.S. * Excellent,* 
by firing: both solid, and hollow shot against the 'Prince G^rge* 
hulk, wnich was moored at the distance of 1200 yards. Tne 
guns were laid at small angles of elevation, generally between two 
and three degrees ; and the following is a brief statement of some of 
the most remarkable effects which were produced, the depth pens- 
trated being expressed by the sum of the distances in BoUd wood 
wlucb the shot passed through, ot de«\^^ Wcw^d. SeYcnl 
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18-pr. shot, with charges of 6lh. of powder, penetrated to depths 
varying from 21 to 33 inches, according to the state of the wood, 
and there stuck. With charges of 8 lb., the 32-pr. shot penetrated 
to depths varying from 22 to 48 inches. A 68-pr. shot (solid), with a 
charge of 101b. of powder, made a total penetration of 46 inches. 
Many hollow shot were fired with remarkable effects from 68-pr. 
gmis, making penetrations which varied from 25 to 56 inches. One 
of tibese, with a charge of 8 lb., penetrated the side of the hulk, 
passing through 28 mches of good wood, tore out the iron hook, 
which nolds the port-hinge, and fractured the after-side of the port, 
driving the splinters about the deck. It rent away the end of a 
beam, grazed the deck, passing through two planks, and cutting 
down a stanchion 8 inches square, making several large splinters; 
it then struck against the opposite side of the ship, whence it re- 
bounded against that which it entered. 

At 8(K) yards, with heavy guns, a charge of one quarter of the 
weight of shot may always be used ; at 500 yards, the charge may 
be reduced to one-sixth ; and within 400 yards, two shot at once 
may be used with advantage. 

Hollow shot from a 68-pounder carronade, with a charge of 
61b. 8oz., penetrated to depths varying from 28 to 31 inches 

In oraer to ascertain if shot reflected from water would 
damage a ship, shots from a 32-pounder gun, with a charge of 10 lb. 
and a depression equal to 7 degrees, were fired, and the following 
are some of the effects produced : — 

At the distance of 16 yards, the shot struck the water at 4 feet 
from the ship's side; and in one experiment it lodged in the cut- 
water; in another, it indented the ship's side; and in both cases 
it struck at 18 inches below the water-line. At the distance of 36 
yards, with a depression of 5 degrees, the shot struck the water 
at distances from the ship's side varying from 2 to 15 feet; and, 
ricocheting, entered the ship at distances above the water-line 
varjring from 2 inches to 3 feet. In consequence of the loss of 
force which the balls sustained by striking the water, it has been 
inferred, that if a shot be fired with such a depression as a ship's 
gun will bear, it will not penetrate into water more than 2 feet; 
and, consequently, it will be impossible to injure a ship materially 
by firing at her under water. 

From experiments made at Metz, in 1834, it appears that 
masses of cast iron, above one yard square, and thirteen inches 
thick, do not resist the shock of balls fired against them with even 
moderate velocities, having been fractured not only at the point 
of contact, but also at points considerably distant from thence. 
It was found, also, that tne side of a traversing gun carriage of 
iron was broken by an 8-pounder ball, having a velocity of 492 
feet; which proves that carriages of this nature would, if struck, 
be rendered unserviceable: and that a collision, which, with a 
wooden carriage, would have damaged only an OiCC^^^T^ ^«sc\.^ 
without requirmg- ita being replaced, wonld, ml\i «b eVkSXAxcjii c^«x- 

o 
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liage, have a more fatal effect. Not only is tlie object strack 
destroyed, bat the fragments scattered in different directions are 
highly dangerous. 

During the year 1850, yarious experiments were made on 
board the ' Excellent,' at Portsmouth, m order to ascertain the 
efifects which might be produced on iron yessels by shot, botii 
solid, and hollow, with yarious charges of powder; for whicJi par- 
pose a double target, f of an inch thick, consisting of iron ribs 
and plates, resembling the opposite sides of a strongly-bmlt inm 
steamer, was constructed, at the distance of abont 450 yards from 
the ship. The general efifect was, that the target was always 
pierced by the shot, and that numerous splinters were detached 
from it in eyery direction, which could not fail to be most do- 
structiye to the crew of a yessel of this description ; the shot was, 
besides, almost always split in pieces by the shock. One 32- 
pounder shot broke mto thirty-four fragments. Some experi- 
ments were made with grape-shot, fired from a 32-pounder, with 
charges of 3 lb. and 61b., when the shot passed through a plate, 
making a clean hole 3 inches in diameter, and knocking out some 
riyets. The effects produced by 6-inch shells were not greater 
than those produced by shot. Two of these being filled w^ 
powder, and naying the frize-holes plugged up, broke on passing 
through the plate ; the powder, howeyer did not explode, bat was 
seen to go away in a cloud like dust. 

From the aboye-mentioned experiments, it may be concladed 
that the splinters detached from the side of an iron ship, and the 
fragments of the shot themselyes, would as effectually clear her 
qu£urters as the explosions of shells; in either case, the effect wookl 
be more serious than any that could be prodaced by like means 
on a ship constructed of timber, incendiary effects excepted. With 
both rakmg, and diagonal firing, the effect is described as being 
mostformiaable; the holes, which were yery irregular, were in iS 
cases larger than the shot. 

In 1838, experiments were made at Gayre with two solid baOs 
fired at once against a butt of oak timber, in order to determiiM 
the different penetrations of the shot, and the distances between 
their centres at different distances from the piece. Three different 
natures of ordnance were used : a long dO-pounder gon, a cannoa 
obusier of 30, and a 30-pounder carronade. One ball was in con- 
tact with the charge, and the other in contact with the former. 
From these experiments it was eyident that the ball which was in 
contact with the charge had the least yelocity, and the least pene- 
trating power. It is further remarkable that, at distances be- 
yond 200 yards, the yertical dispersion greatly exceeds the 
horizontal (uspersion. 

Excerdric spherical shot, 

JSxpenments with these projectiles were carried on at Mats in 
1841; tne following were the eSec\a oAoMrv^d.; — When the centre 
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of gravity was above the centre of the figure, the ranges were the 
longest, and when below, the shortest ; when to the right, or left 
hand, the deviations were also to the ri^ht, or left. The mean 
range of a 12-pounder brass gun, which, with the usual shot, was 
1640 yards, was, with the shot whose centres of gravity and of 
figure were not coincident, the centre of gravity being upwards, 
equal to 2140 yards, being an increase of 500 yards. 

When the centre of gravity is not coincident with that of 
figore, the projectile is made to revolve, ah initio^ on the former 
centre, thus occasioning a compound motion in the flight of the 
projectile. When the centre of gravity is below the axis of the 
bore, the front must turn from below upwards, and, a rotation in 
this direction continuing, the range will be diminished. In like 
manner, when the centre of gravitv is placed on the right, or left 
hand of the axis of the bore, the snot will turn on a vertical axis, 
and produce deviations to the right, or left hand respectively. 
Experiments were carried on at Portsmouth, and at Shoebury 
Ness, in the year 1850, to ascertain whether the deviations of 
excentric projectiles were so regular as to admit of being allowed 
for in pointing the gun ; and whether anv result might appear to 
disprove the maxim, that spherical and homogeneous projectiles 
are the truest in their flight. 
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The preceding table presents, in an abstracted foim, the re- 
sults of the experiments at Portsmouth, and Shoebury Ness. It 
will be observed that the ordnance used were 32-pounders, and 
8-inch guns ; from both of which natures were fired the ordinary 
solid shot, and also shot rendered excentric by the removal of cer- 
tain quantities of metal. Thus, in the Portsmouth experiments, 
lib. of metal was taken from each 32 lb. shot, and 31b. from each 
68 lb. shot; in those at Shoebury Ness, lib. or 21b. were taken 
from the 321b. shot, and 41b. from the 681b. shot. 

On analyzing the experiments, both at Portsmouth, and Shoe- 
bury Ness, it appears that the flight of the ordinary solid shot 
was the most true, the lateral deflections being frequently but one- 
half, sometimes one-third, or one-fourth only of the deflections of 
tde excentric shot ; that these last deflections were always in the 
direction in which the centres of gravity of the shot were placed 
in the gun ; and that the increases, or diminutions of range caused 
by the vertical deviations were produced respectively, as the 
centres of gravity of the shot were placed upwards, or downwards. 
It appears, also, that the lateral deviations, though in general con- 
stant in direction, were very variable in amoimt. The results 
above stated prove decisively the correctness of the deductions 
from theory, and of the practical maxim, that errors in sphericity 
and homogeneity in a shot are causes of its deviation from a cor- 
rect path ; and it follows that spherical and homogeneous projec- 
tiles, being the most Bim{)le, and quite indifferent to the position 
in which they are placed in the gun and rolled home, as well as to 
that in whicn they pass through the atmosphere, are decidedly to 
be preferred to the others. 

The results of these very curious, and instructive experi- 
mentfl fully explain the extraordinary anomalies, as they have 
hitherto been considered, in length of range, and in the lateral 
deviations ; these have been attributed to changes in the state of 
the air, or the direction of the wind, to differences in the strength 
of the gunpowder, and to ineaualities in the degrees of windage. 
All these causes are, no doubt, productive of errors in practice, 
but it is now clear that those errors are chiefly occasioned by the 
excentricity, and non-homogeneity of the shot, and the accidental 
positions of the centre of gravity of the projectile with respect to 
the axis of the bore. 

The whole of these experiments furnish decisive proof of the 
necessity of paving the most scrupulous attention to the figure, 
and homogeneity of solid shot, and the concentricity of shells ; 
and they exhibit the remarkable fact, that a very considerable in- 
crease of range may be obtained without an increase in the charge, 
or elevation of the gun. 

Besistance of iron plates, oak plank, <&c., aaainst musketry, 
canister, grape shot, hollow, and solid shot. 

From experiments in "NovemW, \%^^, ^^t ^QVLomng results 
were obtaiiiBd ; — 
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Marine percussion musket — Charge, 4^ drams; distance, 40 yards. 

Iron plates, I inch ) 4 n j . i v 

Oak plank, 1 „ | ^^ P»'^d *™"8*'- 

Oak p^' I ;; } 4 in 6 passed *«>ngl«- 
OakpS'l " [ Both mosket proof. 

Canister — Charge, 6 lb. ; distance, 100 yards. 

Iron plates, f inch ) t* j .1 v. 
Oak plank, 3 „ | ^^^^ '•""""K''- 

oiS tt' 4 ',; } ^*°"'*' P"~*'- 

Qrape — Charge, 6 lb. ; distance, 200 yards. 
Iron plates, ^ inch 1 

„ I )} [ AH passed through. 

Oakplank.!inch|^„^_,,^„^^ 

6 „ Generally passed through. 



if 



Experiments were made in June, 1850, against two sections 
of the 'Simoom,' g inch thick, placed 35 feet apart; the guns and 
charges were those used in all steam vessels. The result made 
evident that two, or three shot, or sometimes even a single one, 
striking near the water-line of an iron vessel, must endanger the 
ship. Another most serious evil is, that the shot breaks, on 
strmng, into innumerable pieces, which pass into the ship with 
such force, as to range afterwards to a distance of 400 or 500 yards ; 
and that the effect on men at their quarters would be more de- 
structive than canister shot, supposing them to pass through a 
ship's side ; as when the plates are only f inch thick. 

Experiments were made in July, 1850, against an iron sec- 
tion similar to the ' Simoom;' it was filled in and made solid with 
5 J inch oak timber between the iron ribs, and 4^ inch oak planking 
above the water-wavs, which were 1 foot thick, and with 3 inch 
fir above the portsills ; these were strongly secured to the iron 
plates by bolts. The results were as follows : — The holes made 
oy the shot were not so irregular as on the former occasion, but as 
clear and open ; all parts of the shot passed right through the iron 
and timber, and then split, and spread abroad with considerable 
velocity. With low charges, the shot did not split into so many 
pieces as before. With high charges, the splinters from the shot 
were as numerous and as severe as before, with the addition, in 
this, and the former case, of the evil to which other vessels are sub- 
jectj— that of the splinters torn from the timbers. 

In August, 1850, an iron section siimVai \o ^^ '' '$i\msswa^ 
was prepared with a covering of fir plank, on VXifc Qiw\»\^fe, '^fl ^^ 

id 4 inches, in different paxU. "IV^ ^^w^X. ^^ 



thickness of 2, 3, and 
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this experiment was siinilar to the last, when the wood was on the 
inside ; with the exception of the splinters from the wood. The 
holes made hj the shot were regular, of the full size of the shot, 
and open : every shot split on passing through — those hetween the 
ribs into a few pieces only, those that struck on the ribs into s 
great number ; in both cases, when combined with the splinters 
of the iron side, the effect must prove highly destructive. 

A comparison as to the effect of shot on iron, and timber 
was made by firing 8-inch hollow shot, and 32-pound solid shot, at 
a butt built for experimental shell-firing, with timber having 6-inch 
plank on the outside, and 4-inch within ; the result was, that the 
splinters from the wood were trifling when compared with those 
from the iron. 

The general result of all the foregoing, and consecutive expe- 
riments for the same purpose, clearly demonstrates that ue 
destructive effects of the impacts of shot on iron cannot be pre- 
vented. If the- iron sides are of the thickness required to giTC 
adequate strength to the ship (|, or at least ^ of an inch), the 
shot will be broken by the impact ; if the iron plates be thin 
enough to let the shot pass into the ship without breaking, the 
vessel w^l be deficient m strength ; the snot will do its work, par- 
ticularly in oblique or raking nre, more effectivelv than its splin- 
ters, and, in passing out, make apertures more difficult to plug or 
stop, than in passing in. When a clean hole is made by a shot 
penetrating an iron plate, the whole of the disc struck out by the 
shot is broxen into numerous small pieces, which are driven into 
the ship with very destructive effects ; and if the plate be so thick 
(viz., upwards of |^ of an inch) as to cause the shot to break on 
striking, the firagments will nevertheless pass into the ship, as in 
the case of a percussion, or concussion shell, and so produce a ter- 
rific compound effect by the fragments of both. 

The expedient of combining wood, and iron, either by sab> 
stituting timber for the iron ribs, or the reverse, outside planking 
fqr the iron plates — ^makes the matter worse. The pieces of rili 
struck off^ sometimes of great length, pass on with the shot, to 
produce more extensive ravages elsewhere. 

NAVAL GUNNERY. 

In firing into masses of timber, or any solid substance, thrt 
veloeity which can htU just penetrate will occasion the greatest 
shake, and tear off the greatest number of and largest spunters ; 
consequently, in close actions, shot discharged with the fuU quan- 
tity of powder tear off fewer splinters than balls fired from the 
same nature of guns with reduced charges. 

In naval actions, shot intended to take effect upon the hull 

of an enemy should rather be discharged with a falling than with 

a lising side ; but such pieces as mav be appointed specially to act 

against the masts and ngging ft\io\A^ \» ^d, on the contrary, 

with the rising motion, tn© Mi\)eivn%\a>L«a.V>^. 
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In aU dose actions^ the great object should be to strike as 
often as possible the enemy's null. One or two 24 lb. shot taking 
effect just below the water line, and perhaps perforating both sides 
of a small vessel, will in general either force lier to surrender, or 
send her to the bottom ; and such an itgury is much more 
likely to be occasioned by firing with a falling than with a rising 
side. 

To eattmcUe the distance between vessels. 

Measure with a sextant, or quadrant, the angular height of 
the enemy's mast, and by referring to Table B^ the corresponding 
distance may be taken out. 

In Table A, the height of the masts to the head of the main- 
topgallant rigging, and likewise to the maintopmast crosstrees 
above the sumtce of the water at low water mark, are given for 
every rate, and class of vessel. 

The distances in English yards, corresponding to the 
angles subtended by the masts, are given in the first column of 
Table B. 

TabU B may also be applied to the important purpose of 
determining distances, making use of the ship's own mast as the 
given height or side of the triangle, by mariring upon it any of 
the heights expressed in the table, and placing an observer 
tiiere when required to measure the an^le ABC (vids fig.) 
formed by the mast when most perpen(ucular, and the line of 
sight B C. 





The Tangent practice Tables C, D, and E will frequently be 
found osefiil in pointing ordnance, when the distance is known ; 
for by referring to that distance in the column of the table belong- 
ing to the corresponding nature of gun, the part, that should be 
aimed at, will be ascertained. 
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ON NAVAL BOMBARDMENTS.* 

" The attack of fortresses, and powerful land batteries wit 
a naval force only, must ever be a hazardous, and perhaps despe- 
rate undertaking. But if skilfully combined with a military force 
sufficiently strong to make good its landing, to invest the place, 
or the batteries on the land side, to take the defences in reverse, 
and 80 open the way to the attack by sea, the object of the 
attack will in general be successful. But this mode of proceeding 
can only be applied when the place to be attacked occupies a 
position, insular or otherwise, of such extent as to admit of being 
attacked by land as well as by sea. When the place, fortress, or 
arsenal to be attacked is covered and protected by isolated points 
of defence, mutually protecting each other, and when no previous 
military operation can be made, those points or outposts should be 
attacked m detail, and successively reduced ; alter which the 
fleet may arrive at, and attack the main position. This must 
evidently be a protracted and difficult process, even with such 
means : with ships alone, it cannot be efifected without severe 
loss, and damage \ and it should always be remembered that many 
of the attacking ships would be severely injured, probably disabled, 
in the attempt, whilst the enemy's fleet would remain untouched, 
and in reserve. It would, therefore, follow that the attacking 
fleet must be exposed to a very disadvantageous action with the 
enemy, in the event of the latter subsequently leaving his place 
of shelter. 

" When the foi*tress, or arsenal to be attacked is situated on 
a coast which may be approached from the open sea in any direc- 
tion, steam-ships may avoid the danger of a airect attack, end-on, 
or oblique, by approaching the place on either, or perhaps on both 
sides ; and, having gained the proper proximity, clear of raking, 
or diagonal fire, range quickly up m parallel order, to attack tbe 

Slace in line, or lines ; as in steam warfare, ship against ship, or 
eet against fleet, direct advances upon the broadside batteries of 
ships, may, upon the same principle, be avoided, and the enemy 
attacked in parallel order, by ranging up to him, and forced to 
fight if the attacking ships are superior in speed. 

" But when the fortress, arsenal, or place to be attacked is 
onlv approachable by a narrow and intricate channel, through 
which ships can only pass singly, or nearly so, there can be no 
manoGuvenng for position. There is no way of avoiding being 
met by direct, then oblique, and ultimately raking fire from the 
batteries that defend the channel, and steam can only perform its 
office of propulsion into or through those intricacies under these 
disadvantageous, and hazardous circumstances. Steam-ships might, 



* Vids Sir Howard Doaglas' highly valued pubUcatiou ca\k>iX<^— 
" A Tbbatim oir Naval GuifV^UY" New edition. 
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indeed, ran past advanced, or covering batteries at fbll speed, 
without being much damaged ; but it would be extremelv perilous 
to leave such forts unsilenced in their rear, and, unless the daring 
enterprise should succeed, like Nelson's, at Copenhagen, to pro- 
duce a cessation of hostilities, the fleet, or at least any disabled 
ships, could never get out again. 

" However successful a naval attack of a fortress, or arsenal 
may be, the work of destruction can never be effectually accom- 
plished by ships. The sea defences may be silenced, guns dis- 
mounted, parapets ruined, magazines blown up by mortar sheQs, 
and habitations devastated by the cruel process of bombardment ; 
but no substantial demolition of the defences, or material destruc- 
tion of public works and property, can be effected, unless the 
partial and rather temporary than permanent damages inflicted 
by the attacks of ships be followed up and completed, by hariog 
actual possession of the captured place for a sufficient time to ruin 
it entirely. No naval operation, however skilAilly planned, and 
gallantly executed, can, m this way, reap the fruits of its own 
victory. 

"In the desultory operations of small active steamerB 
employed to shell, with their pivot guns, open towns, roadsteads, 
harbours, and slender buildings, magazines, stores, &c., &c., or to 
shell bodies of troops on shore, the attacking vessels should never 
anchor, but having given their end-on fire, go off at speed to 
reload, and prepare to take up the fire in turn with others, when- 
ever they regain a favourable position for a good efibct. To hit 
a steamer running with speed across a line of fire is no eaqr 
matter (Arts. 331, 341); and when in the end-on position, she 
presents but a small target to hit at a long range." 
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PART IX. 

BATTEKIES, AND FORTIFICATIOK 



BATTERIES. 

A battery, in respect to its profile, may be either elevated, 
half sunken, or sunken ; and it is usually reveted with gabions, 
fascines, sand bags, &c. 

An devoted battery has its whole parapet raised above the 
natural surface of the ground, and, to procure the mass of earth 
required, a ditch is usually dug directly in front of the parapet. 

A half sunken battery has its interior space, or terreplein, 
sunk some inches below the natural surface, and its parapet is 
composed of the earth thus obtained, and of that taken from a 
narrow ditch in front. 

A sunken battery has the whole of the earth taken from the 
interior space to form the parapet ; and it must therefore be 
lowered firam 2 feet to 3 feet 6 inches, according to the height of 
the gun carriages to be used. 

The half sunken battery is constructed the quickest, as the 
diggers can work both in front and rear, at the same time. In a 
Buii^en battery, the diggers are as much crowded as in an elevated 
one, but, since the mass of parapet to be raised is smaller, it may 
be completed in much less tune. 

Ca^&maXes^ or vaulted batteries^ are made bomb-proof^ and 
tlie embrazures are cut through the revetment. 

Barbet batteries have no embrazures, the guns being placed 
on traversing platforms to enable them to fire over the parapet. 

A direct fire from a battery is when the line of fire is per- 
pendicular to the parapet, and an oblique fire when it is oblique. 
The direct fire bemg preferable, the battery should be placed 
parallel to the object against which the fire is to be directed. 

The line of fire is an imaginary line drawn through the 
centre of an embrazure, in the direction of the object against 
which a battery is constructed. 

Embrazures are openings cut through parapets, flanks of 
bastions, &c., for guns to fire through. 

The neck of the enibrazure is the inward, or narrowest part 

of it. 

The movth of the embrazure is the outward, or widfi«t ^"dx^. 

of it. 
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The sole of the embrazure is the bottom, or space, between 
tlie cheeks, or sides. 

The sill is the front of the sole. 

The genouUlere is that part of the parapet which is imme- 
diately beneath the embrazures. 

The merlon is the portion of the parapet contained between 
two embrazures. 

The following dimensions are requisite to he proof : 

Against mtisketry. — 3 feet when of earth. 

Cinches „ stone. 

12 inches „ fir. 

5 inches „ oak. 

9 inches „ Inrick. 

Against cannon. — 4 feet, when of wood, or brick. 

6 feet against 6 pounders, when of earth. 

9 „ 9 pounders, ditto. 

14 „ 12 pounders, ditto. 

18 „ 18 & 24 pounders, ditto. 

Note. — ^A 6-poimder shot, with a charf^ of one pound, will penetrate t 
1MU9 qf ice to the depth of 4^ feet, at the distance of twenty-one yards. 

OENEBAL DIMENSIONS OF AN ELEVATED QTTS BATTKST, 

reveted ivith fascines. ft. in. 

Space from the centre of one embrazure to that of the 

next, without traverses 18 

Ditto, with traverses 22 

Slope of the interior revetment, per foot (one-fourth its 

height^ 3 

Fall of tne superior slope, ditto (one-twelfth ditto) 1 

Interior width of embrazures, measured on the sill 2 

Exterior ditto, measured on the sole, at 12 feet from the 

sill 7 

Slope of the cheeks of embrazures at the neck, per foot, 

(one-sixth their height) 2 

Ditto, at the mouth, per foot (one-fourth their height) 3 

Distance from the centre of an embrazure to the foot of 

the slope of an adjoining traverse 7 6 

Distance from the centre of an embrazure to the foot of 

the slope of an adjoining epaulment 5 

Height of the sill about 3 

DIRECTIONS FOB TRACING A BATTEST. 

Batteries at sieges are generally traced in the dusk of the 
evening. 

Detail of men, and tools required: 
Tracers. — 1 non-commis9ioned officer^ and 2 private$. 
Tools. — 1 ground-sqiiMrt^ \ mecwuriiig-tapc. 
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1 white tracing-line. 2 ten-feet rods. 1 bundle of pickets. 
1 mallet. 

Directions. — ^The tracing-pickets, and mallet, are carried in 
a sand-bag, and a few long pickets are necessary to mark tlie 
embrazures. A line should oe stretched about 40 feet in the 
direction of the object against which the battery is to be erected ; 
this will show the line of fire. By means of a ground square, a 
line may be laid down at right angles to the former, touchmg the 
first placed picket. This will be the interior base line. Another 
line must be placed parallel to this, at a distance equal to the 
sum of the breadth of the base of the parapet, breadth of the 
berm (if any), and breadth of the slope of the ditch (viz., about 
27 feet), which line will represent the reverse slope of the ditch. 
A picket is then driven in on the interior base line, where it is 
intended to have one extremity of the battery, and as many long 
pickets (18 feet apart), measuring from this end, as there are 
guns, which will mark the centre of the embrazures. Then one 
more picket, 18 feet distant from the last, will show the other 
extremity. For the embrazures, drive in a picket at the distance 
of one foot on each side of the centre of the embrazures, for the 
width of the neck. Set o% and drive in pickets 3 feet 6 inches on 
each side of, and perpendicular to the line of fire, for the width of 
the mouth. 

Working party; tools; and materials required for each 
gun; mortar; traverse; or epavlment; in an elevated fascine 
lattery. 

2 sapperSj with 6 assistants^ to revet the work. 

12 infantry, to excavate the ditch, and form the parapet. 

9 pickaxes f 15 shovels, or shades, 14 fascines, IS feet long, 
1 bundle of 50 pickets to 6 fascines, 3 maids, 3 rammers, 1 saw 
to every two guns, 1 hatchet per gun, 1 biU hook, 1 fi^ld-service 
level, 1 six-feet rod, 1 bundle of matches to every three guns, 1 
lantern, do., 1 lb. of candles, do., 1 bundle of gads to each gun, 1 
tape of 50 feet in length per battery. 

A battery will seldom be completed in less than 24 hours, 
when executed by inexperienced workmen ; but by those inured to 
hard labour, and with proper reliefs, in about 10 hours. In light 
soil, that can be easily dug without the aid of a pickaxe, a man 
can, in 8 hours, load from 19 to 20 cubic yards of earth on barrows. 
K a pickaxe be required, 2 men will do the same quantity of work. 
A man can wheel 20 cubic yards of earth per day to a distance 
of 30 yards on level ground, or 20 yards on a ramp. Twenty 
cubic yards of earth will fflU 500 wheelbarrows. When near 
the surface, in soil requiring but little the use of the pickaxe, 
an excavation of 6 cubic vards in a day of 8 hours would be 
a fair task for a soldier, who in general is little accustomed to 
working with the pickaxe and shovel. 

In the construction of batteries, and in formm^ Xxeii^'K^, ^t 
approaches to a ibrtroBB, the adaptatLon o£ t\i« xoAttii^ «Ass^\fii\ ^ 
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the Siege of Mayence, in 1793, may be advantageously carried 
into effect. 

SHEI/rBB FROM AN ENEMT's PIBB.* 

The following method of sheltering the workmen from the 
enemy's fire was used with great success during the construction 
of the batteries. It was towards the end o? the siege that 
Lieutenant Neandre received orders to construct a battery 130 
paces from the counterscarp, the covered way bein^ strongly 
occupied by the enemy. Foreseeing the difficulties that would 
occur, Lieutenant Neandre provided 120 common platform planks, 
and, when the gabions were in their places, arranged the planb 
outside them, in such a manner as to present an inclined plane, 
(one end of the plank being supported on the gabion, and the 
other end resting on the ground towards the enemy) : the gabions 
were then half filled with earth, and the pickets driven m. At 
this moment the enemy threw some fire balls and fired a few shot 
all of which went over. Soon after, the workmen were assaikJ 
with a well-sustained fire of musketry ; but, on the balls striking 
the epaulment, they ricoched, and passed over the workmen, m 
that not a single man was hit. The battery was finished in a 
few hours, when the planks were drawn in, and used for the 
platforms. 

A portable framework might be rapidly made, and used in- 
stead of the gabions, to obtain immediate cover fivm musketrv 
fire ; and, for sapping, the framework, with the planks fixed 
thereon, might be readily moved on trucks, as a substitiite for 
the present sap roller. 

EPAULMENTS. 

Batteries at sieges are generallj secured on one flank at 
least, by a parapet ctuled an epaulment, forming an obtuse angle 
with that of the battery. Tneir use is to secure ihe revorae 
of the terreplein from any flanking fire, and they are not in 
general made so thick as the parapet, being seldom subject to a 
direct fire. 

ELEVATED BAND-BAG BATTERIES. 

The base of the interior slope of a battery reveted with sand- 

he^ is rather broader than tnat of one reveted with fascinea, 

being about one-third the height of the parapet. Bushel itmd- 

hags are now the only kind in use, and when fiUed art oftkt 

foUowing dimensions : 

Length 20 inches, breadth 10 inches^ depth 5 inches. 
Number required per gun,— for the interior revetment 262 
Do .for the cheeks 360 

Total 622 



• r»i«— "United Service "MU^swdB^C'^^COCVlIL 



PART IX.] BATTERIES. 211 

Sand-bags are laid header and streteheTf as in masonry ; tlie 
ends which are tied being always hid. As the sand-bags near 
the neck of the embrazure would be destroyed after a few hours* 
firing, and constantly require repairing, gabions, or casks should 
be substituted for them. 

Howitzer batteries are similar to those for guns, except that 
the interior openings of the embrazures are 2 feet 6 inches, and 
the soles are raised, towards the front, about 10", in order to cover 
the gunners as much as possible. 

Mortar batteries are constructed with the same dimensions 
as gun batteries (the parapet being generally 8 feet high, and from 
18 to 22 feet thick,) but as they have not embrazures, the ditch 
of elevated batteries is made two feet deeper to obtain the requisite 
quantitv of earth. A preference would in general be given to 
the sunken, or half sunken profile for a mortar battery, on account 
of its requiring less time for its construction, and it being of no 
consequence whether the platforms are sunken, or otherwise. 
Mortars are placed at the distance of 15 feet from centre to centre 
of each other, where no traverses intervene ; and the parapet has 
the same profile as a gun, or howitzer battery. 

When fired at 45** they are placed 12 feet from the revetment. 

Do. do. 30° do. 13 do. 

Do. do. 20° do. 21 do. 

Do. do. 15° do. 80 do. 

Do. do. 10° do. 40 do. 

HALF SUNKEN BATTERIES. 

The sill is about half its total height above the natural sur- 
face of the ground ; the most convenient depth to which the 
terreplein may he sunk is 2 feet. The height of a sill for a 
travelling carriage will be 18 inches, and for a garrison carriage 
one foot above the natural level. The profile of the parapet is 
the same as in an elevated battery. 

Number of sand-bags required for reveting one merlon 180 
Do. do. for cheeks of embrazures 360 



Total 540 

In forming the epaulment of a half sunken battery, the earth 
is taken from a ditch in front, six feet wide and about five feet 
deep. . , 

SUNKEN OUN BATTERIES. 

The soles of the embrazures are on a level with the natural 
ground, therefore the terreplein is sunk a sufficient depth for the 
solid, and the merlons are formed of the excavated earth. The 
height of the solid depends on the nature of gun carriage to be 
used. The first operation is to trace ou.t the ^mVsi^ixit^:^. '^l\i^ 
profile is the same as in the elevated \)a\.teTy. ^VwA.^ '^x^taX^v 

p2 
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traverses, all the earth excavated from the interior will be 
required ; if not, the overplus may be scattered in the rear. 



BICOCHET BATTEBIES. 



Ricochet firing is the art of projecting shot, or shell, with a 
certain velocity, and in such a direction as to ensure its strikii^ 
the ground at any spot that may be required ; afterwards making 
several grazes upon the earth, and destroying, or striking all that 
may oppose its progress. The piece of ordnance is loaded with a 
diminished charge of powder, and the elevation is from 3** to 10", 
which causes the shot to bound or hop along the ground. The 
smaller the angle under which the snot is made to ricochet, the 
longer it will preserve its force, and have effect, as it will sink in 
the same proportion so much less into the ground on which it 
bounds. In the ricochet of a fortress, or field-work, the elevation 
should seldom exceed 10" to throw the shot over the crest of the 
parapet ; but in the field, the objects to be fired at being princi- 
pally infantry and cavalry, the guns need seldom be elevated 
above 3** ; as, under greater angles, the shot would be apt to 
bound too high, thereby defeating its intended purpose. 

Ricochet batteries should, if possible, be at a distance of 400 
yards, or not exceeding 600 yards ; as, from the uncertainty of 
the fire at a greater distance, at least two-thirds of the ammuni- 
tion might be expended without producing any good effect. 

The heat elevation to enfilade a work being from 6* to 9** 
measured above the parapet, the charge should be regulated 
accordingly, which vanes from one half, to one tenth the serrice 
charge. 

Ricochet firing is very efficacious in dismounting the grais 
on the faces, or flanks of bastions, &c., the batteries for this pur- 
pose being erected on the prolongation of these works, and as 
nearly as possible perpendicular thereto, by which their whole 
length will be exposed to the effects of plunging, and destmctiTe 
ricochet fire. 

Vide Tables of Ricochet Practice^ pages 69, 75, 76. 



FASCINES. 



JFcutcines are bundles of wood of various lengths, according to 
the purposes to which they are to be applied. 

Fascines for a revetment should be strong, and well bound. 
When small brushwood is used, they are made 6 feet long^ and 7 
inches in diameter ^ and are firmly bound with four or five withes, 
or gads. 

The gads are made of tough twigs, first twisted until the 
fibres separate, the smaller end is then turned round, so as to 
form a loop, or noose. To make a fascine 6 feet long, the work- 
men Bet up three fascine hiOTBes on the same level, and in a right 
line. 
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The fascine horse is formed with two pickets, each 5 feet 
long, driven about 1 foot obliquely into the ground, so as to cross 
each other at right angles 2 feet above the surface of the earth ; 
and they are fastened together at their point of meeting, with 
cord, three or four-thread spun yam, or gads. The brushwood, 
stripped oi all its leaves ana smaller branches, and which should 
be from half to one inch in diameter, and 5 or 6 feet long, is 
then laid on the fascine horse, the thick ends being placed alter- 
nately at each end. The large stuff must be used to form the 
extenor, and the smaller twigs the interior of the fascine. Before 
binding the fascine, it must be compressed with a fascine 
ehoaker^ which consists of a cord, or chain, equal in length to one 
and a half times the circumference of the fascine, fastened at one 
end to a lever 5 feet long and 2^ inches in diameter, with a loop 
at the other end, into which, after passing the chain round the 
fascine near the part to be bound, a lever, similar to the one 
already described, is inserted, and the brushwood is squeezed 
tightly together until the gad is tied. The fascine must be com- 
pressed in a similar manner before each gad is fastened. The 
weight of the fascine is about 33 lb. Three men can make a 6 
feet fascine in twenty minutes. Two of the workmen place the 
Drushwood, while the third prepares the gads. If large brushwood 
can be procured, the fascines sbould be 18 feet long, the strength 
of the revetment being materially increased by diminishing the 
number of joints. When the fascines are 18 feet lona^ they are 
made nine inches in diameter, and the gads are placed 18 inches 
apart, the fascine horses being one yard apart. This fascine 
weighs about 2 cwt. Four men can make an IS feet fascine in 
tvx) hours, or, if the wood be cut and brought to them, they can 
make four fascines in that time. They require 3 bill-hooks, 1 
8aw, 1 fascine choaker {each lever about 6 feet long), and 6 
fascine horses. Three men prepare the brushwood, and lay it on 
the horses, while the foiu'th makes the gads. 

Tlie revetment is formed in proportion as the parapet is 
raised, the first fascine being half buried in the banquette, with 
three pickets driven vertically through it, each picket being from 
3 to 4 feet long, and from 1} to 1^ inches in diameter at the 
thickest end. The second row of fascines is then laid a little in 
front of the first, so as to form the required slope, and three pickets 
are driven through each fascine ; the extreme pickets through the 
fascine previously laid in the direction of the slope, the other per- 
pendicular to the slope. 

The joints of the different rows of fascines should be so 
broken, that no two adjoining joints may be in the same line, and 
the ends of the fascines at the angles should alternately be flush 
with, and be inserted in the parapet ; care being taken to lay the 
fascines so that the ties of the gads may be concealed in. t\\ft ^«x%«- 
pets. Six rows of large fascines are suf^cient \ft ^ona \>^fc xc^^^i- 
ment of a parapet, the upper row being; coveted V\\)si «k \&^«x <!iL 
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sods, the grass upwards. When fascines of seven inches in dia- 
meter are used, eight rows are required. 

eABIONS. 

Gc^nons are cylindrical haskets open at both ends, and are 
very commonly used to revet parapets. For the interior of para- 
pets they should be 3 feet in height, and diameter. The eommam 
gabions are 2 feet in diameter, and 2 feet 9 inches high. 

To make them. — A directing circle consisting of two hoops, 
kept apart by bits of wood, to which both the hoops are secured 
with pack-thread, is first made. The diameter of the hoops must 
be such as to permit of the pickets for the gabion being driven 
between the exterior of the one, and the interior of tn© other. 
The directing circle is then laid on a level piece of ground, and 
seven, eight, or nine pickets are driven at equal distances apart, 
between the hoops ; the number of pickets depending on the size 
of the rods, or orushwood with which the basket work is to be 
made. The circle is then raised, and fastened to the middle of 
the pickets, and the web is made above it, two or three rods 
being used at the same time ; the workman twisting them round 
each other while he interlaces them with the pickets, striking 
down the web from time to time with a stick. The randing^ or 
hasket work, is continued to near the top of the pickets, where it 
is secured with four gads, each one passed round one of the 
pickets and four or five of the rods, which should be from 8 to 10 
feet long, and not more than half an inch in diameter. The 
gabion is then pulled up, the finished end is placed on the ground, 
and the directing circle being removed, the remainder of &e web 
is completed and secured as before described. 

Two men can make a gabion in three quarters of an hour, 
using about 80 rods for each gabion. 

In forming the revetment, the gabions are placed touching 
each other with a slope of one quarter the height ; the first row 
is surmounted with two rows of fascines side by side, and a second 
row of gabions rests on them. 

SOD, OB TUBP. 

A revetment is sometimes made with sods of unequal sixes, 
called headers, and stretchers. 

The headers are 1 foot 6 in4ihes long, 1 foot wide^ and 
about 4^ inches thick. 

The stretchers are 1 foot wide, and long, and about 4^ indut 
thick. 

Sometimes the sods are first cut all of the same dimensioDs — 

viz., 1^ foot long and 1 foot wide ; this sod is then cut diagonally, 

across, so as to form two, and they are then all laid as headers. 

Tina saves neariy half the turf, and labour. The sods should be 

out from good meadow land, ptfeviowftV^ n\«vm, Kwd Niratered ; but 

the Boda should not be laid or \)uii\t -wViftii ^^V^k^^xsaa ^bfc^ -Iiro^ 
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shrink in dry weather, and all the joints would open. The sod 
work is laid with the grass downwards, either alternately headers 
and stretchers, or two stretchers to one header ; care hemg taken 
that the joints of no two rows &11 immediately over one another, 
which is termed breaking joint. If the layers of sods are laid 
perpendicular to the slope, they will answer better than if laid 
nonzontally. Each sod should have two or three pegs dfiven 
through it, to secure it to the work beneath. When the revet- 
ment is completed, the whole should be cut off smooth to the 
proper slope ; a ^air of hedge clippers, or a cutting knife, will 
answer well for this purpose. 

One man can lay 19 square vards of sod work in eight hours, 
when the sods are brought to tne spot, and require no previous 
trimming. 

PLATFORMS. 

To facilitate the working of a gun, it must be placed on a 
platform of stone, or timber and plank ; but, as a temporary 
measure, when required to fire only in one direction, timbers to 
take the wheels will suffice. The usual inclination given to plat- 
forms, from the rear to the front, is half an inch per foot. Plat- 
forms on barbettes should be perfectly level, and their dimensions 
must depend on the extent of the lateral range which may be 
required. 

In layina a gun platform^ the first thing to be done is to fix 
the hurter, which may be a piece of timber 7 or 8 feet long, and 7 
inches square, or a strong fascine 9 feet in length may be advan- 
tageously used. The hurter is intended to take the wheels, or 
trucks of the carriage when the gun is run out, and to prevent 
their damaging the interior slope of the parapet. The position 
of the hurter necessarily depends therefore on the steepness of 
the interior slope. The hurter should be placed perpendicular to 
the axis, or central line of the embrazure. Three, four, or five 
sleepers of from 6 to 8 inches square, are then laid, their upper 
surface on a level with the bottom of the hurter, and they are 
covered with two inch planks, nailed down when three sleepers 
are used ; but if there be four or five sleepers, the planks may be 
confined by two ribbands (which are pieces of wood of the same 
length, but weaker scantling than the sleepers) and the platform 
racked down with ra^k lashings at the proper intervals. 

A rack lashing consists of a piece of 2 -inch rope about 9 
feet long, which is fastened to a stick 15 inches long, 2 inches 
wide at the head, with a hole in it to receive the lashing, and 
tapering to a blunt point: it is passed round the timber and 
sleeper beneath, then twice round itself. The end of the stick is 
then put into the loose gromet so formed, and twisted round until 
the vmole is firmly secured, when the stick is turned flat on the 
upperpiece of scantling. 

The gun and mortar platforms for siegea tti^ Tisyw Tfi»3.\^ ^'8irN«- 
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angular : the dimensions of the former are 15 feet long bj 10 feet 
6 inches broad ; those of a mortar platform are 7 feet 6 inches long 
bj 6 feet 6 inches broad. Mortar platforms are laid exactly 
horizontal, the front part being placed 5 feet within the foot of 
the interior slope of the parapet. 

Madras pUUforma consist of two stout planks about twelve 
feet long ; they are supported on two sleepers, having a transom 
in front. The planks are secured with a moveable bolt, or pivot 
to the front transom, slide freely on the sleepers, and are con- 
nected together in rear by two cross pieces parallel to the rear 
sleeper, one in front, and the other in rear of it. To the centre of 
these two cross pieces is bolted another 12-feet plank, called the 
trail piece, of a width equal to the distance between the cheeks of 
a siege-carriage, which is supported on a sleeper in the rear. 
When the gun is to be traversed, the whole platform is moved on 
the sleepers on the pivots in front. These platforms are chiefly 
intended for a direct fire. Two wedges are re<juired for this 
platform to form inclined planes for the wheels, in running the 
gun on, or oflF the platform. Each wedge is of elm, 3 inches 
thick, 2} feet long, and one foot wide, with a block to give ihe 
requisite height, the block being 12 inches long, 4 thick, and 7 in 
extreme height. 

AlderaorCs platform. 

The platform invented by Colonel Alderson, R.E., is 16 feet 
long, by 9 feet wide ; and is composed of 46 similar pieces of timber 
(baulks) each measuring 9 feet x 5 inches x 3J inches. Of 
these, ten are used as sleepers, and the remainder as planking. 
The weight of the platform (when 15 feet long and 9 feet wide] 
for guns is 15 cwt. 2 qrs. 14 lb. By addition of the small beams, 
this platform may easily be extended from 15 to 18 feet. 
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DimensiorUj tmd weight of Platforma^ for Ouna, <&c. 



Nature of Platform and 
Articles required. 



GUN, AND HOWITZES. 

Sleepers 

Planks 

Kibbands 

Hack-sticks, and lashings. 

Total weight 

MOBTAS. 

Covered toith oak planks. 

Sleepers 

Planks 

Ribbands 

Rack-sticks 

Total weight 

Made entirely of fir. 

Sleepers 

Planks 

Ribbands 

Rack-sticks 

Total weight 

MADBAS. 

Wood work. 

Side-pieces 

Trail-piece 

Fore transom 

Hind transoms 

Sleepers 

Wedges 

Iron work. 
Long bolts, |-in. diameter 
Short bolts, ditto 

Total weight 



I 

Ha 



6 

20 
2 



7 
10 

2 
10 



7 
8 
2 
8 



43 

t 

h4 



ft. in. 

15 

10 6 
16 



7 6 

6 6 

7 6 
1 3 



7 6 

6 6 

7 6 



I 



2 


12 6 


1 


12 


1 


7 


2 


6 6 


3 


9 


2 




2 


IH 


6 


7i 



ft. in. 

6 

9 

4 



1 
1 



6 
9 
4 



6 

Hi 

4 




4 
6 
9 
6 



a 



ft. in. 

6 
2 

4 



6 
3 
4 



6 

4 
4 



4 
4 
6 
3 
6 



•g, 



cwt. qr. lb. 

4 2 1 

7 3 22 

1 18 

10 



13 2 23 



3 3 7 

6 1 22 

2 10 

16 



9 3 26 



3 3 7 

4 2 18 
2 10 

12 



9 19 



3 
1 



2 



\ 



18 

1 3 

2 19 
2 20 
16 
2 7 



6 
11 



8 2 \ft 
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GUN, AND HOTVrrZER PL1.TF0111C. 

For carrying this platform^ two men are required for each 
sleeper; one man for each plank and ribband. The non-commis- 
sioned officer carries the rack sticks. 

A platform may he laid down in an hour by expert men, 
and may be dismantled in three minutes. 

MORTAR PLATFORM. 

Detailed as above. One non-commissioned officer, and seven- 
teen men carry the platform. Time required for laying down, 
and dismantling^ similar to the above. 

MADRAS PLATFORM. 

In an elevated battery ^ the platform may he laid down by 
expert men in half an hour, and may he dismantled in three 
minutes. 

BBEACH. 

The hest place for making a hreachf in ravelins, bastionfl, 
&c., is about thirty yards from tneir salient angles. The batteries 
should commence by marking out by their fire the extent <rf the 
breach intended to be made, first by striking out a horizontal line 
as near the bottom of the revetment as possible, and afterwardfl 
two others perpendicular to, and at the extremities of this line. 
Should the breach be required to be extensive, it will be necessary 
to form intermediate lines. Then, by continuing to deepen these 
two or more cuts, and occasionally firing salvoes at the part to be 
brought down, the wall will give way in a mass. The guns 
must, however, at first fire low, and gradually advance upwards 
until the breach is effected ; and when the wall has given way, 
the firing should be continued until the slope of the breach is made 
practicable. 

TO BURST OPEN GATES OF FORTRESSES, ETC. 

A leathern bag, containing about 501b. of powder, should be 
hooked upon the gate, as near the centre as possible (or be laid on 
the ground, close to the bottom of the gate, and tamped with soda, 
&c.), and be fired by means of a piece of portfire, or match, passed 
through a hole in the bottom of the bag. 

FORTIFICATION. 

Offensive fortification is the art of conducting a siege. 
j)efensive fortification comprehends military architecture, 
and is the art of securing, or protecting a place by works, to resist 
a siege. 

I^atural fortification consists of obstacles, such as marsbefl, 

mountain passes, &c., which are found in some countries, and 

should he taken advantage o? to im^de tl\e approaches of an enemy. 

Artificial fortification compntife* \^^aBfe ^Oi^^ ^\2tf^ ire ooi.- 

Btmcted to defend a place. 
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Permanent fortification is the art of putting towns, &c., into 
such a state as at all times to he prepared to resist the attack of an 
enemy. 

Pield fortifi/iotion is the method of fortifying a camp, or 
position, huildings, &c., and it inchides the construction of re- 
doubts, entrenchments, &c. Works of this nature are considered 
as temporary. 

Irreffular fortification is the art of fortifying a place of an 
irregular figure, situated where the country does not admit of 
giving to the several works their due proportion according to 
rule. 

A Command is the vertical elevation of one work above 
another, or above the coimtry 

A Command in front is when an eminence is directly facing 
the work which it commands. 

A Command in the rear, or reverse, is when any eminence 
is directly behind the work which it commands. 

A Command by enfilade is when an eminence is situated in 
the prolongation of any line of a work, and a considerable part of 
it may be seen from thence ; this line will be subject to enfilade, 
and such a command is the most dangerous. 

The Bampart (A T R) is an elevation of earth, obtained from 
the excavation of the ditch; and is that part of the fortification 
which is situated between the ditch, and the town, consisting of an 
interior slope, terreplein, banquette, parapet, and exterior slope or 
escarp^-— ( Vide Plate.) 

The Interior slope (A) is the inclination of earth nearest to 
the town. 

The Terreplein (T) is the upper part of the rampart, wldch 
remains after having constructed the parapet. 

The Parapet (R) is a mass of earth elevated on the terre- 
plein of the rampart, on the side towards the country ; being from 
18 to 22 feet thick, and from 6 to 8 feet high. The top is 
formed with a slight declivity towards the country, which is 
called the superior slope. 

The Banquette is an elevation of earth, or step, on which 
the soldiers stand to fire over the parapet. 

The Mevetment is the masonry which retains the earth of 
the rampart on its exterior side. It is about 5 feet thick at the 
top, and its slope is one fifth, or one sixth its height. 

The Perm is a space, or path, sometimes left between the 
exterior slope of the rampart, and the ditch. It serves as a com- 
munication round the works, and prevents the earth falling into 
the ditch. 

The Tahlette is a flat coping-stone, on the exterior of the top of 
the escarp of whole revetment. 

The Cordon is a semi-circular projection of stone ^ rnVviw^a 
diameter is about one foot, placed at the to^ o^ ^"fe ^o^ q1 ^'e^ 
revetmeDt of the escarp. 

T4e JSscarp (a) is the exterior Blope, ot -wbSSVqS: VJci^ tmsv-^^^?^- 
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The Counterscarp (b) is the wall, or slope of the ditch, 
opposite to the escarp. 

The Faces of a work (p q) are those parts which form a 
salieut angle, projecting towards the country. 

The I^lank (q G) is the part of a work so disposed as to defend 
another; joining the face of a bastion to the curtain, &c. 

The Bastion (M L) is a work composed of two faces, and 
two flanks. Bastions are joined by curtains, and are constructed 
salient, and with flanks, in order that the whole escarp may he 
seen, and that a reciprocal defence may be obtained. 

Bastions are of various kinds — viz., full (M), empty (L), 
also flat, detached, demi, and tower bastions. 

A FvU bastion (M) is when the terreplein occupies all the 
interior space of the bastion. From the description of this bastion, 
that of all the others may be ascertained. 

The Curtain (G R H) is that part of the rampart which lies 
between two bastions, and joins the flanks thereof 

A Front of fortification consists of two half bastions, and a 
curtain. 

The Ditch (B) is an excavation from 12 to 24 feet deep, and 
from 90 to 150 feet broad, surrounding the rampart. The side of 
the ditch nearest the place forms the escarp (a) ; and the opposite 
part, the counterscarp (b) is made circular opposite to the salient 
angles of the works. 

The Covered way (V) is a space of about 30 feet broad, ex- 
tending round the counterscarp of the ditch, being covered by a 
parapet from 7 to 9 feet high, with a banquette. 

The Glacis (X) is the superior part of the parapet of the 
covered way, forming a gentle slope towards the country, and ter- 
minating at from 120 to 180 feet; it covers the revetment of the 
body of the place. 

The Places of arms of the covered way are spaces contrived 
in the salient, and re-entering angles of it ; those (c) in the re- 
entering angles flank the branches of it, and contain troops for 
sallies, and its defence ; and those (P) in the salient angles serve 
for assembling the Troops destined for the defence of the 
covered way. 

TJie Sallyports are openings cut in the glacis, at the faces of 
the re-entering places of arms, and at the branches of the covered 
way. Th^ are used in making sallies from the covered way. 

The Traverses (n) in the covered way, are parapets which 
cross the breadth of it at the salient, and re-entering places of 
arms, &c. They cover the troops who are drawn up behind the 
parapet of the covered way, from the enfilade fire of the enemy. 
1 here are passages cut in the parapet of the covered way. close to 
the traverses, m order to form a communication from one part of the 
-T!!l Z^'l *«.^"«*^er: these passages are about 6 feetSridc, aud 
are provided with gates. 

-^ Citadel is a fortress joined \o W\^i ^ot\& cA %. ^^^»o^ vui ii 
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fortified both towards the town, and country. It should always be 
situated on the most commanding ground, serving to keep the 
inhabitants in awe, and, should the town be taken, it becomes a 
retreat for the garrison. 

The Esplmade is a space of even ground, clear of buildings, 
situated between the town, and citadel. 

The Body of the place (or Enceinte) consists of the works 
next to, and surrounding the town, in the form of a polygon, 
whether regular or irregular. 

Outworks are those works which are constructed beyond the 
body of the place, such as tenailles, ravelins, &c. 

The TenaiUe (D) consists of two faces, and a small curtain. 
It is constructed between the flanks of the bastions in front of 
the curtain, and has a terreplein, parapet, and banquette. 

The Bavelin (P) is constructed opposite the curtain, (in front 
of the tenaille,) is composed of two faces, which form a salient 
angle towards the country, and of two demi-gorges formed by 
the counterscarp. 

A Homrwork is composed of two half bastions, and a curtain, 
with two long sides directed upon the faces of the bastions, or 
ravelins, so as to be defended from them. 

A Crown-work is composed of a bastion between two cur- 
tains, which are terminated by half bastions. It is joined to the 
body of the place by two long sides. 

Lunettes^ and TenaiUons are works constructed on each side 
of ravelins, consisting of two faces. 

A Eleche, or Arrow, is constructed along the foot of the 
glacis before the re-entering, and salient places of arms. It con- 
sists of a parapet, whose faces form a salient angle, and are about 
120 feet long, and it has a communication with the covered way, 
cut through the glacis. 

The Caponiere (Y) is a work intended to cover a passage 
across the ditch. That from the tenaille to the gorge of the ravelm 
is a road about 30 feet wide, covered on each side bv a parapet 
7^ feet high, its superior slope terminating in a glacis about 60 
feet wide. ^ \ 

A Cunette is a small ditch made in the middle of a dry ditch, 
to drain oflf the water from the place, &c. 

A Batardeau (e) is a solid piece of masonry, 7 or 8 feet 
thick, crossing the whole breadth of the ditch opposite the flanked 
angles of the bastions. It retains the water in those parts of the 
ditch which require to be inundated. 

A Bamp (t) is a road cut in the interior slope of the rampart, 
forming a communication from the town, &c., to the terreplein. 

A Cavalier is a work constructed upon the terreplein of a full 
bastion, being from 8 to 12 feet above the rampart, with a parapet 
6 feet high. Its use is to command some rising ground within, 
cannon-snot, and to serve as a traverse for ^TftNevi\Mi^ ^"^ \!kssv^- 
bouring curtains from being enfiladed. 
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ParaUelSt or Places of arms, thrown up at sieges, are trenches 
formed to connect together the several approaches to a besieged 
place. 

Zig-zags, or Boyeaux of communication, are trenches made 
for the approaches from the parallels to the besieeed place, lliej 
are generally 3 feet deep, and have a parapet, and banquette. 

A Bedan consists of two faces forming a salient angle (which 
should not be less than 60") with parapet, &c. ( Vide riEut fob- 

TIPICATION.) 

A LuTiette ( Vide field fobtifioation) has two faces, similar 
to the redan, and also two flanks. 

A Bedinibt is a square, polygonal, or circular field fort. 

A Star fort consists of a succession of salient and re-entering 
angles, formed on the sides of a polygon. These forts are usuallj 
constructed on a triangle (when they nave six salient points), or a 
square (having eight salient points). ( Vide field fortificatids.] 

Tetes de pont, or Bridge heads,^ consist of redans, &c., which 
are constructed upon the banks of rivers, to proteot the passage 
across them. ( Vide field fortificatiok.) 

Lines are formed for the eutrenchment of armies, md are 
composed of a succession of redans, &c., joined by curtuns, which 
should not be more than 120 yards distant from each other, to 
afford mutual protection, and defence. ( Vide field FORXiFiCATKni.) 

An Epaulment is an elevation of earth thrown i^ to cover 
troops from a flanking fire. 

Loop-holes are oblong holes, from 15 to 18 inches kmg, six 
inches wide within, and two or three without. They are cut 
through timber, or masonry, for the service of small arms. 

Palisades are stakes of strong wood, 8 or 9 feet lonff, and 
6 inches thick, fixed about 3 feet in the ground, and 3 or 4 mdies 
asunder. 

Fraises are a kind of palisades, placed horizontallj, or ob- 
liquely in the exterior slope of ramparts. 

Vhevaux de frise consist of a piece of timber from 9 to 12 
feet long, and about 6 inches in diameter, into which staves are 
inserted crossways, about nine inches asunder, about two inches 
thick, six feet loug, and pointed at the end, if not shod with iron. 
Their use is to stop up a breach, defend a passage, or form an en- 
trenchment against cavalry. Chevaux de frise are sometimes 
made entirely of iron. 

Ahattis consist of trees with their branches shortened, and 
sharpened at the ends ; they are used instead of chevaQz de friae 
on an emergency. 

Hurdles are about 3 feet high, and 2 broad, and are used in 
sieges to stop up breaches, &c. 

Trous de hup are holes dug in the ^nnd in the form of an 

inverted cone, about 6 feet deep, and 4J m diameter at the top, 

having a picket fixed in \he centre of the bottom, 6 feet long, and 

4 or 6 incnes square, the pomt\)e\n% Q>Ti ^V^^^^rAkiVft upper lor- 
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face of the ground. These pits are used to prevent the approach 
of bodies of cavalry. 

PERMANENT FORTIFICATION. 

Remarks^ and aenercU rules. 

The ground plan, and relief of bastioned fortifications are 
mutually dependent on each other ; and, as a variety of causes 
occur to influence both according to the various sites occupied, it 
is impossible to give them any fixed arrangement, and dimensions, 
applicable under all circumstances. However, under the supposi- 
tion that the site to be fortified is a horizontal plane, a great 
number, and variety of systems have been proposed at different 
times ; almost every author, who has treated of fortification, having 
invented one, at least, of his own. Notwithstanding this diversity 
of opinion, as to the best system, all agree that the following 
general principles should not be lost sight of in the construction of 
S)rtifications. 

1. Salient angles should be as large as possible, and never 
less than 60**. The larger they are the smaller will be the 
space in front undefended by direct fire. If less than 60°, the 
salients of earth are too acute to stand firmly for any length of 
time ; and the angles of masonry are easily damaged ; besides 
which the space within the parapets becomes too restricted to 
admit of a gun being worked near the angle. 

2. Angles of defence should be right angles, or slightly ob- 
tuse. If less than right angles, the fire from the flanking works 
might injure the defenders of tbe works they flank ; as troops 
generally, and more particularly at night, fire in a direction per- 
pendicular to the parapet ; and if too obtuse the fire might be 
directed wide of its object. Besides, embrasures should be cut as 
direct as possible ; as the more they are oblique, the more they 
weaken the parapet. 

3. The length of the lines of defence shall be such, that the 
works defended may be within the effective range of the projec- 
tiles used. 

4. The works should be so disposed that the assailants may 
not be able to obtain cover in any part of the exterior, within 
range of the projectiles of the defenders. 

5. The escarps of the body of the place should be of such 
height, or construction, as to be secure against escalade. 

6. The masonry should be sufficiently covered from the view 
of the enemy, to prevent his making a practicable breach from a 
distance. 

7. The interior of every work should be completely covered 
from the view of an enemy outside it; so that he may not be able 
to fire directly into any part of it. Interior works should therefore 
have a command over those in frx)nt of them, at least equal to the 
height which a besieger can give to the parapeta oi\)^ vcA<gmft;v2^s^ 
and which is seldom Jess than 3 feet. 
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8. EveiT opportunity should be seized of so directing the 
faces of works that an enemy may not have it in his power to en- 
filade them by ricochet fire. 

9. In the general construction of fortifications the salients 
should be few, and sufficiently prominent to force the besieger to 
take them before he can attack the re-entering parts. The object 
of this is to reduce the number of points of attack, as, the fewer 
they are, the less advantage an assailant derives from his nume- 
rical superiority. 

10. Permanent fortifications must be considered very incom- 
plete without a sufficiency of casemated cover for the sick, and 
wounded, and for the portion of the garrison off duty. The maga- 
zines of ammunition and provisions, should also be secure from the 
effects of shells ; and the supply of water ample, and certain. 

11. Small enclosed works, in which the defenders must be 
crowded, without cover from vertical fire, should never be em- 
ployed in permanent fortification. The strength they impart can 
never make up for the loss the garrison must suffer by them. 

12. Outworks, and detached works should have easy commu- 
nications with the main work, to admit of their garrisons receiving 
reinforcements, or supplies, when necessary ; and to enable them 
to retreat, when the works are no longer tenable. 

13. Every inclosed defensive work of importance should, if 
possible, be provided with a keep, or citadel, or interior retrench- 
ment, to which the garrison may retire when the main inclosure 
(or enceinte) is forced. 

14. Outworks, and detached works near the body of the place, 
should be so constructed that the enemy, when he has taken them, 
may not be able to use them as defensive works. 

15. Outworks, and detached works, should always be of suffi- 
cient strength to force the enemy to make regular attacks on them. 
Advanced works of a weak construction are likely to do more harm 
than good ; for the troops of the garrison seeing them taken with 
comparative facility, would naturally lose confidence in the strength 
of their remaining defences, while that of the assailants would be 
increased bv early success. 

16. All fortifications should be provided with means of egress, 
and ingress, to enable the garrison to assume the offensive, when- 
ever opportunities offer ; and to admit reinforcements into the fortress. 

17. There are very few fortified places that agree with any 
published system, though some resemble one or other of the sys- 
tems, or consist of combinations, or modifications of them. The 
systems which have been wholly, or partly carried into execution 
are, of course, the most interesting, and form valuable subjects of 
study. A knowledge of their advantages, and defects, and the 
best methods of attacking, and defending them, will enable the 
military student properly to appreciate works which have been, or 
are to be constructecl ; and the operations by which fortresses have 
been, or may be captured. 
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vauban's first system.* 

CoTutruction on a hexagon. — Vide Plate. 

With a radius of 360 yards, the length of the exterior side of 
the fortification (taken from a scale of equal parts), describe a 
^micircle, which divide into three equal parts, and draw lines to 
the points of division ; thus forming three eocterior sides. Bisect 
each of these by perpendiculars drawn to the centre of the polygon, 
on which set off ^th of the exterior side for a hexagon,f through 
which points draw the Lines of defence; on these set off f ths of 
the exterior sides, from the angles of the circimiference, for the 
length of the faces of the bastions; with radius of the distance be- 
tween the two faces describe arcs joining the line of defence, and 
draw the cord of these arcs for the flanks of the bastions; a line 
joining the interior extremities of the flanks will give the length 
of the cu/rtains. 

To describe one Front of fortification. 

For the exterior side, draw a line 360 yards in length, at the 
,ends of which, lines are to be directed to the centre of the polygon, 
at the angle required ; {vide Practical Geometry — To find the 
angles at the centre, and circumference of a regular polygon,) 
then bisect the exterior side, and araw the perpenmcular, &c., &c., 
,'88 described for the construction on a hexagon. 

Main ditch. 

From the salient angles of the bastions, with 38 yards as a 
radius, describe arcs, to which draw tangents, directed to the angles 
.of the shoulders of the bastions. 

The TenaiUe. 
Draw lines parallel to the lines of defence, at the distance of 
16 yards, for the faces of the work ; its flanks, and curtain are 
constructed parallel to the flanks of the bastions, and curtain, at 
the distance of 11 yards. 

The Ravdin. 
From the re-entering angle of the counterscarp, make the 
■capital of the ravelin 80 yards in length, and from its summit draw 
lines to points, on the faces of the bastions, 11 yards from the 
angle of tne shoulder ; the junction of these lines, and the counter- 
scarp of the main ditch will determine the len^h of the faces of 
the ravelin. The gorge is formed by drawing hues 24 yards from 
the re-entering angles of the counterscarp to the intersection of the 
perpendicular, and the exterior side. From the salient angle of 
the ravelin, with a radius of 24 yards, describe an arc, to which 
draw tangente parallel to the faces, for the breadth of the diteh. 



♦ Vide Preface. 
t For a square, the length of the perpendicnlax \s l-%t\it\ie cssX«i\»t ia.^\ 
finr a ^etdagon l-7tb; for the hexagon, and other po\ygQiD&,l-«^ 
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From the outline of the works draw the following parallels 
inwards : — 

Rampart, 

1. At the distance of 6 yards, for the thickness of the parapet 

2. From which 12 yards, for the hreadth of the terreplein. 

3. From which 6 yards, for the hreadth of the interior slope. 

Tenaille. 
Draw lines parallel to the faces, at the distance of 6 yards, for 
the parapet. 

Ravelin. 

To the faces of the work draw the following parallels : — 

1. At the distance of 6 yards, for the narapet. 

2. From which 8 yards, for the terreplein. 

3. From which 5 yards, for the interior slope. 

Covered way. 
Draw lines parallel to the connterscarp, at the distance of 11 
yards, for the breadth of the covered way. 

Salient places of arms. 
These are formed by the salients of the branches of the cohered 
way. 
Be^entering places of arms. 

Set off 40 yards on each side of the re-entering angle of the 
counterscarp for their demi-gorges, from which points ^aw dieir 
faces at an angle of 100 degrees. 

Glacis, 
For its breadth, draw parallels to the branches of the covered 
way, and the re-entering places of arms, at the distance of 50 

yards. 

Traverses, 
Those at the re-enterine places of aims are erected peipen- 
dicular to the covered way ; those at the salient places of anns are 
formed on the prolongation of the faces of the bastions, and ravdins, 
across the covered way ; all the traverses are 6 yards thick at the 
top. The passages, cut out of the glacis, to enable the ttwgB to 
pass round the traverses, are 4 yards wide. 

Bamps, 
Flank of empty bastion. — Set off 42 yards, from the angle of 
the flank of the interior slope, diagonally along the slope, for the 
length of the ramp, to which draw a parallel line 5 yaras dbtant, 
for their breadth, which mark by a perpendicular, prolonging it, 
and setting off 6 yards for the interior slope ; to which point^^nom 
the end of the ramp, draw a line ; and also from the same point 
draw another line parallel to the side of the ramp, and joining the 
interior slope of the face of the bastion. 

Re-entering angle in the empty bastion. — ^Fiom the angle of 
the interior slope set off 16 yox^ ou «a«^ «^^ tsom. ^hioh pouli 
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draw lines 42 yards in length diagonallj abng the interior slope 
for the length of the ramps ; to which draw parallels, 4 yardg 
distant, for their hreadth; erect perpendiculars from the points 
(16 yards from the angle^ until they intersect each other, from 
which point as a centre, with radius of the distance hetween the 
ramps, describe an arc ;joining the head of the ramps of the two 
faces ; concentric to which, with a radius 6 yards less than the 
former, describe another arc, to which draw tangents from the ter- 
mination of the ramps, representing their slopes. 

Gorge of full bastion. — ^From the angle of the interior slope, 
set off 16 yards on each side, from which points draw lines 42 yards 
in length diagonally along the interior slope; draw parallels to 
thlfise at the distance of 5 yards, for the breadth of the ramps ; 
erect perpendiculars at their head, from the intersection of which 
as a centre, with radius of the distance between them, describe an 
arc, parallel to which, with radius 6 ^aids less, describe another 
arc, to which draw tangents, completmg the interior slope of the 
ramps. 

Ravelin. — ^From the anele of the interior slope, set off 12 
yards on each side ; from these points draw lines 30 yaids in 
length, cUagonally along the interior slope, for the length of the 
ramps ; to which draw parallels 4 yards distant for their breadth ; 
erect perpendiculars at the commencement of the ramps, and from 
their mtersection, as a centre, with radius of the distance from the 
ramps, describe an arc joining the two ramps ; also from the junc- 
tion of tiie peipendiculars draw lines* to the termination of the 
ramps, for their slopes. 

Oapanniere, 
Make the passage of this work 30 feet wide, including a ban- 
quette on each side ; the superior slope of each parapet terminates 
at 20 yards* distance. 

Bridges J and communtcationa. 
These are about 14 feet wide. 

JSUdrSj or Pas de souris. 
These steps of masonry are made at the gorges of the several 
works, and at the salient, and re-entering aneles of the counter- 
scarp. Those at the salients are generally 24 feet long, and at ijie 
re-entering angles 30 feet ; they are 5 feet wide, and &eir steps 
1 foot distuit from each other. 

SaUv-ports. 
These passages, cut through the glacis, are about 12 feet wide, 
and 18 feet long. 

PROFILE, OR SECTION OP VAUBAFS FIRST SYSTEM. 

Construction, 

The interior slope of the rampart has a baiBiQ ol \^ W\.^ VQ^^ ^ 
perpendicoiar heigbt of 17 feet 6 mchea. 

Q2 
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The terriepleiii has a breadth of 25} feet, its height being 18 
feet sloping to 17 feet 6 inches, the height of ike intenor slope. 

The banquette is 3 feet in height, the tread 4 feet wiae, and 
the slope 5 feet wide. 

Tne parapet is 4 feet 6 inches higher than the banquette, its 
interior slope is 18 inches, its thickness 18 feet, and its superior 
slope has a declivity of 3 feet ; the revetment is 3 feet thick. 

The escarp has a perpendicular height of 36 feet, measuring 
from the cordon to the bottom of the ditch. 

The tablette, or coping-stone, at the top of the revetment, has 
a projection of 6 inches square. 

The cordon is semicircular, its radius being 6 inches. 

The slope of the escarp is 6 feet, the thickness of its revetment 
at the top 5 feet, and at the bottom 11 feet. 

The counterfort joins the escarp ; it is 1 foot lower than the 
top of it, 9 feet wide, and it extends to the bottom of the founda- 
tion, which is 3 feet below the bottom of the escarp ; the retreat, or 
lessening, has a width of 1 foot. 

The ditch is 38 yards wide, from the salient angle of the 
bastion. 

The counterscarp is 17 feet 6 inches in perpendicular height, 
its slope bein^ 3 feet, and its thickness at top 3 feet, the bottom, 
therefore, having a thickness of 6 feet ; the foundation is 3 feet ; 
and the retreat 1 foot. 

The terreplein of the covered waj is 20} feet wide, and its 
slope is 6 inches. The banquette is 3 feet high, its tread 5 feet, 
and its slope 6 feet. The parapet is 4 feet 6 inches above the 
banquette, and its interior slope is 18 inches. The glacis, which 
forms the superior slope of the parapet of the covered way, is 50 
yards in breadth. 

The counterfort of the counterscarp is 5 feet in thickness, 
being 1 foot lower than the top of the counterscarp, and extending 
as low as the foundation of it. 

The counterforts of the escarp, and counterscarp are 15 feet 
distant from centre to centre of each other, those of the escarp 
being at the end adjoining it 5 feet 6 inches, and at the termina- 
tion 3 feet 8 inches thick; those of the counterscarp being in 
thickness at the larger part 3 feet 6 inches, and at the smaller 2 
feet 4 inches. 

VidePlaU, 
Modern Ststem. 



A Interior slope. 

T Terreplein of rampart. 

R Parapet of rampart. 

A T R Rampart. 

a Escarp, or exterior b\o]^ 



M Full bastion. 

L Empty bastion, 

p q Face of bastion. 

qG Flank of bastion. 

K. o 1^ c\^a Ootline of basdoB. 



of rampart. \Gt'H. Q^ooftaaau 
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Counterscarp. 

Traverses in covered way. 



t Bamps. 
B Ditch. 
D Tenaille. 
Y Caponniere. 

e Batardeau. 

FFF Ravelin. 

S Bedoubt in ravelin. 



Traverses in covered ^ 
c Be-entering places of ai 
W Bedoubt in ditto. 
P Salient places of arms. 
V Covered way. 
X Glacis. 



FIELD FORTIFICATION. 

Capctcitv of Field works. 

The penmeter of a work, and the number of men to defend 
it, should bear a just proportion to each other, one yard being 
allowed for each man, or for each file of men, according to the 
nature, and object of the work. 

In calculating the area of enclosed field works, 10 square 
feet may generally be estimated for each man, and 324 square feet 
for each gun, and its stores. 

Content of Field works. 

In square redoubts, or works having salient angles, if the 
areas of uie sections of the parapet, and ditch, are made nearly 
equal, there will be too much eartn ; were the angles of the plan 
re-entering, instead of salient, the result would be reversed. Bear- 
ing this in mind, previous to commencing the excavation of the 
ditch, a correct calculation must be made to prevent any excess, 
or deficiency of earth for the parapet, and banquette. 

Bules. 

1. To find the quantity of earth required for the parapet, and 
banquette of a field work, &c. 

Divide the parapet, and banquette into trapeziimis, and tri- 
angles; complete the contents of each separately {Jby the rules in 
Mensuration of Planes) and the sum of them will be the super- 
ficial content of a section of the parapet, and banquette. Multiply 
this by the length of the periphery of the redoubt, battery, &c., 
for the solid content of the parapet, and banquette. 

2. To find^ rapidly J the quantity of earth required for a para- 
pet, and banquette. 

Multiply the height of the crest of the parapet, into the sum 
of the bases of the superior, and exterior slopes ; which will give 
the superficial content, very nearly. 

3. To compute the suj^er/icicd corUent of the ditch. 

Multiply tne depth mto the breadth at bottom, to which pro- 
duct add the areas of the escarp, and counterscarp, for the content 
required. 

4. To find the breadth of the ditch^ of the usual form. 
Divide the area of the section of the parapet by tV\& vo^ftivA*^ 

depth of the ditch, and the quotient la me me^ixVst^^^^ ^^ "^^ 
diUsb; to tbia add lialf the sum of tihe \>&aeih ol ^<^ ^Q^^«i^ ^"^ ^^ 
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escarp, and cotmtencarp, for the breadth at top, and deduct the 
same for the breadth at bottom. 

5. To find the hreadth of the ditchj having a triangdai 
section. 

Divide the area of the section of the parapet by half the giTen 
depth of the ditch, and the quotient will be me required breadtb 
at the top. 

Construction of Fidd works. — Vide Plate. 

Fig. 1. The redan. 

Draw a base line, 60 yards, from the centre of which erect • 
perpendicular, 40 yards ; join tne terminations of the base, and 
perpendicular, which will form the crest of the parapet of the 
vrork. 

Fig. 2. The lunette. 

Construct a redan {vide No. 1), base 80 yards, perpendicular 
50 yards: make the faces of the lunette 45 yards in length, and 
draw the flanks to points on the base Hue, 30 yards, from the pe^ 
pendicular. 

Fig. 3. The square redoubt. 

Construct a square, each side 40 yards {vide Practigal 
Geometry). To form additional faces when required, bisect the 
side of the s(]^uare, draw perpendiculars inwards equal to Ith ol 
the side, and join the termination of the perpendiculars, and tiie 
sides of the square, thus forming a double number of faces. 

Fig. 4. Thejpentagonalredoiibt. 

Describe a circle, radius 30 yards, and construct a pentagon 
in the circle {vide Practical Geometry) thus forming the crest 
of the parapet of the redoubt. 

Fig. 5. The hexagonal redoubt. 

Describe a circle, radius 30 yards, and construct a hexagon 
within it {vide Practical Geometry) ; the sides of which foim 
the crest oi the parapet of the work. 

Fig. 6. The circular redoubt. 

Describe a circle, radius 30 yards, which will fonn the crest 
of the parapet of the redoubt. 

Fig. 7. The star fortf with six points. 

Construct an equilateral triangle, and divide each side, 75 
yards, into three equal parts, form also an equilateral triangle on 
the central portion of each side, 25 yards, and the crest of the 
parapet of tne fort will be traced. 

Fig. 8. The star fort j with eight points. 
Construct a square: divide each side, 60 yards, into three 
equal parts, and on the central portion, 20 yards, describe an 
eq|uilateral triangle : the periphery of the fort will thus be ob> 
tamed. 

jFig, 9. The fidd fort, icith bostlous, omd Kalf haxtiotu. 
Conatmct a aquare *, ficom ^« c«ii\x« ^ «bi^ vi^^^V^ IvAb^ 
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drop a perpendicular equal to one-eighth of the side, through the 
extremity of which, from the angles of the square, draw the lines 
of defence ; make the faces of the bastions, and half bastions, two- 
sevenths of the exterior side, and draw the flanks perpendicular to 
iheir respective lines of defence. 

Fig, 10. The bridge head^ or tHe du pont. 

Construct a redan, base 50 yards, perpendicular 30 yards, at 
an appropriate distance from the bridge, 50 yards ; draw flanks, 
20 yards, perpendicular to the faces, and from their termination 
draw lines to the river parallel to the capital of the work. To 
strengthen the defence of the t§te du pont, construct a fleche, 
£Ek;e8 20 yards each, and 10 yards in front of the bridge, 4 yards 
wide. 

In the construction of bridge heads, the foregoing Figures may 
be emploved when expedient ; the simplest form, the re£tn, being 
for light bridges, and the more perfect defence, the bastioned front, 
or fronts, for bridges of material consequence. 

Fig. 11, 12, 13. Lines.— Vide Plate. 

Fig. 11. Construct a redan, base 40 yards, perpendicular 30 
yards ; which join by a curtain 100 yards, to a queue d'aronde. 
Fig. 12. Side of square, 35 yards, and lines drawn from summit 
to points on the curtains 10 yards. To increase the defence of the 
next curtain, 100 yards, bisect it by a perpendicular, 15 yards, and 
draw tiie two faces. Lengthen the lines by cremaill^res. Fig. 13. 
Base 100 yards, crochet, base 5 yards, perpendicular 20 yards. 

Lines, continuotis, are formed by a modification of redans, 
lunettes, curtains, &c., dependent on the nature of the ground, and 
the means of defence. 

Lines, with intervals, are formed by detached redans, lunettes, 
&C., within range of each other ; the rear works flanking those in 
front. 

Bridges, and passages into field works are from 6 feet, to 12 
feet wide, according to the requirements. 

Traverses are placed about 9 feet from the slope of the ban- 
quette, their length being so regulated as to exclude from the view 
« the enemy the interior of the field work. 

The nature, and form of the field work, or lines, required for 
the defence of a post, &c., &c., having been determined, the peri- 
meter may be laid down, in conformity to the construction detailed 
in the foregoing figures : after which the requisite dimensions of the 
parapet, ditch, &c., (dependent, of course, on the nature of the 
enemy's ordnance) must be taken into consideration, and the quan- 
tity of earthwork computed by the Rvles, (p«^e 229,) or by those 
in Practical Geometry. The following Table will, however, in 
manv cases be found useful ; and, by a judicious adaptation of it, 
much time may be saved in the c(»nputation, and construction of 
field works. 
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1. Ignore redoubt. 

PUce pickets in a line (in length conronnobk to the side at 
the intended work) at each end of which erect penwndiciUn 
eqaal in length to the side first marked out, and join the termiu- 
tion of these Unea ; which will complete the perimeter of Iha 
redoubt 

Not4. — A perpendiculttr is raised on a given line, with a chaiD 
or cord, by forming a right angled triangle from the namban 3, *, 
and 5, or an; multiplea ther(«f, and extending the con], &c^ 90 
that the base may corres^nd with the baee line of the picksli, 
and the perpendicular be in the direction of the ride required. — 
VuU PiAtnrcAL Geohetbt. 

2. Pentagonal redoubt. 

With a chain, t»Do, or cord, oonatruct, and lay down with 
pickets five Birailar, and cootiKnooa (.nwa^ii^iw™^ "iWt htiwg, 
whicb form die ndea oE tlie ■BBO.laBm, va '^ \F'V^i»'a(» ««. ft 
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to ^ the other two equal sides, the length of each of these 
being 40. 

3. HexagovuxL redoubt 

From a central point with a chain, or Hne, constract, and la7 
down with pickets six equilateral, and contiguous triangles, the 
bases of which will form the required hexagon. 

4. OctctgondL redovht. 

Construct a square {^vide No. 1), from the centre of each side 
of which erect perpendiculars outwards, in length proportional to 
the side as 13 to 60 (nearly 1 to 5) ; join the extremities, or termi- 
nation of the perpendiculars, to the angles of the square, which 
will determine the sides of the octagon. 

Note 1. — ^The directions for the construction of the pentagonal^ 
and hexagonal redoubts are on a small scale ; but the redoubts 
may be increased by the equal extension of the interior sides of 
the triangles, until the bases are sufficiently long for the periphery 
of the work required. 

Note 2. — ^By means of the pocket sextant, prismatic compass, 
or reconnoitring protractor, tne pentagonal, hexa^nal, and 
octagonal redoubt may be thus traced on the ground. From a 
central point place pickets at the requisite distance from each 
other, and in the direction of lines drawn from the angle of the 
centre of the intended work. ( Vide Practical Geometry. Tq 
find the angles at the centre, and circumference of a polygon.) 
Extend these radii equally until the relative distances between 
them are of the length required to form the sides of the proposed 
equilateral redoubt. 

6. Frontoffortificaitum^for afiddfori. 

Place pickets in a straight line, of the length required for the 
front of the proposed field work ; from the centre of which drop a per- 
pendicular inwards, making it for a square, pentagon, hexagon, or 
octagon, respectively one eighth, one nfth, one fourth, or one thinl of 
the exterior side. Direct the lines of defence from the termination 
of the exterior side to the end of the perpendicular, making 
the faces of the bastions two sevenths of the exterior side, and 
constructing the flanks perpendicular to, and joining the lines 
of defence. Other fronts are traced by laying down the exterior 
sides, at the angle of the circumference of the intended polygon 
{Vide Practical Geometry) by means of the prismatic compass, 
oc., and then proceeding as directed for the former front. 

remarks, akd general rules. 

1. The size of a work depends in general upon the number of 
men who are to defend it. If labour is the sole object of attention^ 
the advantage must necessarily be the greatex Vn ^to^oitNA^^vi ^s^*^^ 
size of ^e work is leaa ; but if the accomixiod&\.\OTL ol >^^ N.tq^'^^*'^ 
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only to be considered, the advantage depends greaUy upon oocq- 
pjing much ground. 

2. The form of the work should be such as to contain the 
greatest surface with the least perimeter. By an adherence to this 
maxim, we obtain the greatest accommodation for the ti^ps with 
the least labour. The form of a field work seldom depends upon 
choice, but generally upon the spot where it is to be raised, the 
purposes for which it is to be constructed, and the natore of the 
ground in the vicinity. 

3. The interior of the work ought to be so covered' by the 
parapet, that the men within, except when on the banquette, may 
not be seen from any part without, at the distance of cannon shot 

4. The circumjacent ground (to as great a distance as pos- 
sible) ou^ht to be cleared, that the enemy may not conceal, or 
shelter hmiself against the fire from behind the parapet. The 
nearer to the worK that the enemy can find cover, the more advan- 
tageously he can form his dispositions ; and, as his attacks maj 
consequently be made with greater vigour, and be more readilj 
supported, the success will be the more probable. 

5. The flanking parts ought to be sufficiently capacious to 
contain all the men required for the defence of the flanked portioiu 
of the work. 

6. The flanking parts ought to have nearly a direct view of 
those flanked ; that is, the defence should be nearly at right an^es, 
the most advantageous angle being 100 degrees. 

7. The parts flanked ought to be within musket fire of their 
flankingparts. 

8. The fire ought to be equally distributed, that every part of 
the work may be equally defended. 

9. The work ought to be equally strong in all its parts, that 
it may everywhere equally resist the assaults of the enemy ; and 
the parapet should be thick enough to withstand the shot fired 
against it. 

10. The dimensions of the parapet should not only be suffi- 
cient to secure, and cover the troops within the work, but ought 
also to be of such a form as to afford a fall view of the enemy in 
his approach ; and at the same time discover, as little as poanble, 
the men employed for its defence. 



235 



PART X, 



BRIDGES, AKD PONTOONS. 



BRIDGES. 

To find the number of planka required to form afioai^ to 
support a given weight. 

Ist. Find the content of one plank (vide Practical Oeometryf 
Part 12), and multiply it by the specific gravity of the wood ; the 
product will be the toeight of the timber. 

2nd. Multiply the same soHd content by the specific gravity 
of water; the product will be the weight of an equal bttUc of 
Witter. 

Then take the ^fiference of these two products, or weight, 
and it will be the weight one piece of timber will support without 
sinking. Hence by Proportion^ the number required to support 
the given weight may be found. 

Tofffid the number of casks required to form a raft to sup- 
port a given weight. 

1st. Find the solid content of one cask in cubic inches {tnde 
Practical Geometry), and multiply it by the specific gravity of 
water; the product will be the weight of a quantity oi water of 
equal bulk with the cask. 

2nd. From this product, or weight, subtract the weight of the 
cask, and the remainder will be the weight it will support without 
sinking. Then by Proportion^ the number required for the forma- 
tion of the raft may be found. 

To find the number of boatSj or pontoons^ required to sup- 
port a given weight. 

The burthen a boat, or pontoon, will support without sinking 
beyond a given depth (the form of the boieit, or pontoon being 
known) must first be found, thus — 

1st. Find the solid content of the part to be sunk, in cubic 
feet {vide Practical Geometry, Part 12;, and multiply it by the 
specific gravity of water {vide Gravity , Part 12). 

2nd. Subtract this product from the we\™. ot V!w& "Vj^'a^K^ <st 
pontoon, and the remainder will be the \>iirlueii Vt "W^ wcs^Y^'tX. 
without einking beyond the required dept\i. 
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Then hy Proportion^ the number required to support the 
given weight may be computed. 

Note ^—In the constmction of bridges, should a rope reaidre to be extended 
across a rapid riyer, the coil should be placed in the boat (matead ctf (m shore) 
and be paid oat as the boat adyanoes. 



PONTOONS. 

Those called Blanshard's (from their inventor. Colonel Bbn- 
shard, Rojal Engineers), are of two descriptions. 

1. — ^LABOE PONTOONS. 

Displacement of water, 97} cubic feet, equals 60881b., or 
64} cwt. 

The buoyant power of a raft of two pontoons, its own wei^t 
deducted, is 77 cwt., about one-half of which is a safe load. EmH 
raft, or one carriage load, forms 2 bays, or 20 ft. 8 in. of bridge : 
its own weight wm sink it about 7 or 8 inches. The crew of a nft 
consists of 6 rowers, and 1 steersman. 

At open order the bridge will pass cavalry, field artillery, or- 
infantry, with closed files. 

At dose order the bridge will pass any part of a hetTj 
train. 

DimeneumSf and vjeight of cylindrical pontoons, numufactured is 

the arsenal at Woolwich. 



Lahob Pontoon, 
with hemispherical ends 

Small Pontoon, 
with conical ends 


Extreme 
length. 


Diameter. 


Weight. 


ft. in. 
22 3 

16 


ft. in. 
2 8 

1 8 


cwt. 

u 
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ONE OXRBIAQB LOAD. 



Pontoons 

Baulks 

Chesses 

TTnlf-chpf^^i^^ ......... .....x 


1 

1 

1 

2 
12 
8 
4 
2 
6 

3 

4 
4 
8 
1 

1 

1 


Dimensions. 


i 


• 


a 


1 


ft. in. 
22 
14 2 
12 

11 5 
12 
10 4 

168 
14 
14 
8 9 
16 
22 

60 
60 


ft. in. 
2 7 
5 
1 2 

1 2 
5 

3 

4 
1 
1 


ft. in, 
2 7 
3 
li 

li 

4 

2i 
3 

1 
1 

^ 


cwt. qrs. lb. 

9 19 

5 11 

1 3 19 

13 

1 3 19 

110 

3 1 

3 

1 18 

3 14 

7 

20 

} ^ 
14 

6 

6 


GiinnelR 

Side-pieces 

Anchor 

Buo^ 


Cable (20fiithom8) 


Oars 

Boat-hook 


rBody 

Lashings •< Qtinnel 

(.Carriag^e 

Back-sticks, and lashings... 

Buoy-line 

Breast-line .................. 


Weight of Carriage 

Total 








31 1 
13 3 20 


45 20 





2.- 



)KALL PONTOONS. 



Five pontoons, with their appurtenances, form the load of one 
carriage. Length, 15 feet; diameter, 1 foot 7 inches; displace- 
ment, 27} cubic feet ; buoyancy, 1718 lb., or 15J cwt., from which 
deduct 2 cwt. for the weignt oi pontoon, and share of superstruc- 
ture. A bridge of this nature is so light that it may be made on 
shore, and carried by hand entire. It will support as many men 
as can be placed on it, and, by removing the chesses over the 
gunnels, it may be bent so as to be passed without difficulty down 
a steep bank, or counterscarp. 



* The length indodes the hen^YuBdoaH eni^. 
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ONB CABBIiLeB LOAD. 



Pontoons 

Gunnels 

Baulks 

Chesses 

Paddles, used as side-pieces 
Back-sticks, and lashings... 

Carriage lashings 

Anohorj and cable 



Weight of the Carriage ... 
Total 



I 



6 

6 

30 

20 

6 

10 

2 

1 



DimensioDS. 



ft. in. 

16 
84 
6 6 
8 



ft. in. 

1 7 
9 
8 

1 4 



4 

s 



ft. in. 

1 7 

8 

H 



I 
I 



cwt.qr8.Ibs. 
6 
318 
1 9 
090 
197 
6 
*S 
9 



1 
4 



19 198 
9 



91 1 



SCALING LADDERS. 



Scaline ladders are made in portions, 12 feet, and 7} feet 
long ; which are joined together by placing the end of one portion 
into staples at the end of another, and securing them together with 
a lashing of rope. Four men are 8u£Eicient to cany an 18 feet 
scaling ladder. 



* The length includes the ends. 
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FIKEWOKKS. 



CANDLES, BOHAN. 

When the case has been properly finished, and the end 
secured with strong twine, ram in a little dry clay, then put in a 
smidl quantity of corned powder, and over this a small piece of 
paper ; after which as much of the composition is to be put in as 
wiu, when rammed down, fill the case about one sixth of the 
length. Over this a piece of paper is placed, covering about two 
thirds of the diameter, on which a little powder is laid, and then a 
baJl, or star. Some more comp^osition is then poured in, and 
pressed lightly down till the case is about one-thira full, when it 
IS to be rammed down by gentle strokes : after which, put in 
another small piece of ^aper, powder, and star, over which pour 
in some^more composition, ram down gently, and continue thus 
until the case is filled, when it will contain about five stars ; after 
which it is capped, and primed. Roman candles should be placed 
in rows on a stand, some of them bein^ perpendicular, and others 
at angles, not, however, exceeding 45 degrees. 

Camponiiona. 

1. Mealed powder, ^Ib. Sulphur, }lb. Saltpetre, 2} lb. Glass 
dust, i lb. 

2. Mealed powder, 1 lb. Charcoal, } lb. 

3. Signal rocket composition. 

CANDLES, BLUE. 

Saltpetre, i oz. Powder, J oz. Sulphur, 1 oz. 

CBACKEBS. 

The case is made of cartridge paper, the dimensions required 
being 15 inches by 8} inches. First fold down one edge, about 
f of an inch broad, then turn down the double edee about ^ of an 
mch, and bend back the single edge over the double fold, so as to 
form within a channel, which is to be filled with mealed powder, 
not ground very fine ; the powder is then to be covered by tne folds 
on each side, and the whole is to be pressed by a flat ruler ; and 
the part containing the powder is to be folded into tba -t^tajKOi^^ist 
of the paper, every fold being pressed down. T\i<& c;nii^<&T V&^^^ 
douhJea DackwaiaSf and forwards in foidA «^\i!t%\VE^<&%^^^RVA5^ 
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are pressed quite close, and a piece of twine is passed twice round 
the middle across the folds, and the joinings secured by causing 
the twine to take a turn round the middle at each fold successiTely: 
one of the ends of the folds may be doubled short under, which 
will produce an extra report ; the other must project a little beyond 
the rest for the purpose of being primed. 

EABTHQUAKE, ASTIFICIAI*. 

Mix together four pounds of iron sand, and four pounds of 
sulphur ; and after making it into a paste with water, bury it a 
little depth in the ground. In ten, or twelve hours, if the weaUier 
be warm, the earth will swell up, and burst ; flames will also issue 
out, scattering around a yellow, and black dust. 

FIBES OF VARIOUS COLOUBS. 

White fire is made by mixing powder with iron sand, or 
filings. 

Bed fire is made by mixing powder with iron sand of the 
first order. 

Silver colour is made by introducing raspings of ivory. 

Pale white colour is made by mixing camphor with tne com- 
position. 

Lemon colour is produced from raspings of yellow amber. 

Mu88et colour is produced from crude antimony. 

Bed flame, inclining to brown, is produced by Greek pitch. 

Dusky fljame is produced bv blacK pitch. * 

Bluish flams is produced by introducing sulphur in a mod«- 
rate quantity. 

Oreen flame is made from the introduction of sal ammonite, 
and verdigris. 

White flame : saltpetre, sulphur, mealed powder, and cam- 
phor ; the saltpetre must be the cnief part. 

WILDFIRE, WHICH BURNS UNDER WATER. 

Mix well together equal quantities of sulphur, naphtha, bitu- 
men, pitch, and gum. 

OERBE8. 

G^rbes consist of strong cylindrical cases of thick paper, fiOed 
with brilliant composition, and sometimes with balls, or stars. 
Gerbes throw up into the air luminous and sparkline jets of fire *, 
and when arranged in a circular maimer, as the radii of a circte, 
they form what is called a fixed sun. The thickness of the cases 
for brilliant fire must be a fourth part of the diameter, and for 
Chinese fire a sixth part. The case is loaded on a nipple, having 
a point equal in length to the same diameter, and in thickness to 
a fourth part of it ; but as it generally happens tibat the mouth of 
the jet becomes larger than is necessary for the effect of the fiitt 
the case should be first charged by filling it to a height equal to a 
fourth part of the ^ameteT^wim c\ai;^^'<^hich. must be rammed 
dowD. When l^e charge \a comi^\Q\AdLm^ ^^ ^ynsi^oBdass^ thu 
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caae aliould be closed vitb a tompeon of wood, and then cboked. 
Tbe train, or maUh, must be of the Bsme cumpoaitioii as that 
einplojed for loading;, otherwise the jet would be suliject Ui burst. 
Charged cases may be [derced with two holes near the neck, in 
order to have three jets ; or, if a top pierced with a uumber of boles 
be added to them, thej will imitate a bubbling fonntoin. Jets 
intended for representing sheets of fire ought not to be choked. 
TKej must be placed in a horizoutsl position, or inclining a little 
downwards. 

Compoiition for Gerbet, or jett of fire. 



„™ 


1 

1 


1 


1 


1 


IroBauid,ar 


^"•^^^ (.CMn«Bfirfl 

I'l to 1-6 diameter 4 


1 
1 

14 
2 


1 
g 

1 

18 
2 


S 

3 

8 
6 

7 


a 

2 
5 

fi 

6 
8 


Ssnd. Ut wd«, 8 

Filings 6 

Band,3idord«', 12 
Miiod BSJid ... 12 



The saltpetre, ponder, and charcoal, are three times wfted 
through a hair sieve ; the iron sand is besprinkled with sulphur, 
after being moistened with spirits of wine, that tbe sulphur ma^ 
adhere to i!, and Ibey are then niiied together. Tbe Bulphurctled 
sand is then spread over the first mixture, and the whole is mixed 
with a ladle only, for if a sieve were employed, it would separate 
the Band from the other materials. 

When sand larger than tbe 2nd order is used, the composition 
is moistened with spirits of wine, so that it fornu itself into balls, 
and tbe jets are then loaded with them. 



These filings must be quite clean, and free fi-om mst. They 
must be thoroughly mixed with the compositions of which they 
form one of the ingredients ; which, however, will not afterwards 
keep in good order longer than a week, aa tbe moiatiwe •asoStafflusi. 
by saUpetre rosts the filings, and destroys tbe «&c\. 'Ctie-j u«, \^ti- 
leaded to prodace. 
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IBON SAND, OH POUITDED IBON. 

Having broken a cast-iron plate, or iron pot, to pieces, on an 
anvil, pulverize the fragments till the grains are not larger tlum 
radish seed, then sift them through six graduated sieves to sepa- 
rate the different sizes ; and preserve these six different kinds in a 
very dry place, in closely-corked bottles. The grains which pan 
through the first or finest sieve, are called Sana of the l$t order, 
and tnose that pass through the second sieve, Sand of the 2nd 
order, &c. Compositions into which iron filings, or sand, are 
introduced, must not be driven hard, for fear of accidents bj 
explosion. 

LEADEBS, OR PIPES OF COMMUNICATIOir. 

These are small tubes of paper, of lengths adapted to the 
distances to which they are to extend. The paper is cut intoslipi 
two or three inches broad, or sufficient to go four times round tm 
formers, which are about one-fourth of an inch diameter. Bran 
wire formers are the best, and should be oiled to prevent the paper 
sticking. Quick match is inserted in these tubes, but must be 
made to go in easily. The quick match should project an inch 
beyond each end of the leader, and should be inserted into ^e 
mouths of the cases of the fireworks with a small quantity of 
mealed powder. The leaders must not be placed too near, or cross 
each other so as to touch, as it may happen that the fire AY)m one 
may communicate to another, and destroy thereby the intended 
arrangements. 

MARROONS. 

Marroons are boxes containing from 1 to 6 ounces of powder. 
They are made either on a square, or round former, and the ends 
of the paper are pasted down, and well welded round with kitted 
twine worked over cross-ways. A hole is bored into the case, and 
a matoh inserted. 

HEALmO GUNFOWDEB. 

A small (Quantity of powder being placed on a table with a 
rim round it, is rubbed down with a scored wooden mealer until 
all the grains are broken, and it becomes sufficiently fine to pass 
through a lawn sieve. 

PASTE FOR REPEESENTINa ANIMALS, ETC., IH PIBB. 

Reduce sulphur to an impalpable powder, and bavine formed 

it into a paste with starch, cover with it the figure intended to 1>e 

represented on fire, which must, however, have been previoualr 

coated over with clay, to prevent it from being bnmt. When 

covered with the paste, besprinkle it, while still moist, witii mealed 

powder ; and when perfectly dry, arrange some matehes on the 

principal parts, so that fire may be speedily communicated to every 

part of it The same paste ma^ )oft cm^\a^%A to form festoons, 

garlanda, &c., the flowera ot ^^iu^\i Ts^Xi>M\ii&fiuiSu^\()%aM^ 
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different colours, and could be formed on the irieze of a piece of 
architecture, covered with claj to preserve the stone or wood from 
the effect of the fire. The Chinese imitate grapes exceedingly 
well, by mixing powdered sulphur with the pulp of the jejube, 
instead of flour-paste or starch. 

PORTFIRES FOR ILLUMINATIONS. 

The cases are made of three or four rounds of thin paper, the 
last round being pasted ; they are from two to five-eighths of an 
inch in diameter, and from two to six inches long ; they are pinched 
close at one end, and left open at the other. In filling them, a 
small quantity of the composition must be put in at a time, ram- 
ming it lightly, so as not to break the case. 

• Compositions. 

t. Saltpetre, 1 lb. ; sulphur, 8 oz. ; mealed powder, 6 oz. 

2. Amber lights: Mealed powder, 9oz. ; amber, 3oz. 

3. Saltpetre, 2 lb. ; sulphur, 3 lb. ; antimony, 1 lb. 

4. Saltpetre, 3} lb. ; sulphur, 2} lb. ; mealed powder, lib. ; anti- 

mony, i lb. ; glass dust, 4 oz. ; brass dust, 1 oz. 

Note. — Compositions No. 3, and 4, driven 1^ inch in a one 
ounce case, will bum one minute. 

RAIN| GOLD AND SILVER. 

Fill small paper cases, or goose quills, with the composition, 
and place upon the mouth of each some moist powder, both to keep 
in tne composition, and to serve as a match. If the head of a 
rocket be loaded with these cases or quills, a shower of fiery rain 
will be produced at the extreme range of the rocket. 

Compositions, 

Gold rain. 

1. Saltpetre, lib.; mealed powder, 4oz. ; sulphur, 4oz. ; brass 

dust, 1 oz. ; sawdust, 2 J oz. ; glass dust, 6 drs. 

2. Mealed powder, 12 oz. ; saltpetre, 2 oz. ; charcoal, 4oz. 

3. Saltpetre, 8 oz. ; sulphur, 2 oz. ; glass dust, 1 oz. ; antimony, 

2 oz. ; brass dust, t^ oz. ; sawdust, 12 drs. 

Silver rain. 
1. Saltpetre, 4 oz. ; sulphur, mealed powder, and antimony, each 
2 oz. ; sal prunella, } oz. 



2. Saltpetre, 8 oz. 

3. Saltpetre, 1 lb. 

4. Saltpetre, 4oz. 



sulphur, 2 oz. ; charcoal, 4 oz. 

antimony, 6oz. ; sulphur, 4oz. 

sulphur, 1 oz. ; powder, 2 oz. ; steel dust, j oz. 



ROCKETS, LINE. 

Any rocket which is not very large, may be made to run along 
an extended rope. For this purpose affix to the rooksA. ^xi ^^^c^-^ 
case, and introduce therein the rope "w\i\c\i\a \o Ciwrcj \\..j^ws«v^ 
the head of the rocket towards that Bide to N?\^Oa. VX. Sa VsiXwsA^ 

&2 
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to move. Two rockets with an empty case may be similarly used, 
and may be made to move in a retrograde mrection by placing 
them with their heads reversed, and a leader to communicate 
from the head of the rocket to be first ignited to the tail of the 
second. 

BOCKETS, SIGNAL. 

Composition, 

Pulverized saltpetre, 4 lb. ; sublimated sulphur, 1 lb. ; dog- 
wood charcoal, 1 lb. 8 oz. 

The charcoal is first pounded fine enough to pass through a 
wire sieve (No. 3). The saltpetre and sulphur are each separately 
passed through a fine hair sieve, then mixed well tc^ther with a 
copper slice, and passed three times through the hair sieve. The 
charcoal is then spread on a tray, and the saltpetre and sulphur 
sifted a fourth time on it, and the whole being carefully mued 
with a hard brush, is afterwards passed four tunes through the 
wire sieve. 

To each ladleful of composition, 25 blows are ^ven for the 
pound, and 21 for the half-pound rocket. 

Twenty-eight ladlesful of composition (7joz.) are required to 
complete the pound, and twenty-five (6 oz.J the half-pound rocket 
To prevent accidents in driving rocKets, &c., the workman 
should keep his body erect, the drift being well cleaned after each 
ladlefiil ; and while driving, it should be moved backward, and for- 
ward by a pair of holders. 

Rockets are driven 3} calibres hollow, 1 calibre soHd, and } 
calibre with clay. 

Moulds, 

Lengrth. Diameter. 

1 Pounder Exterior 14 inches 3*9 

Interior 10*5 „ 17 

2-3 

1-3 



i Pounder Exterior 11*6 „ 

Interior 8*5 „ 



Top. 

1 Pounder 2 , 

J Pounder "2 



Spindles. 
Diameter. 

Middle. 

-35 .. 

-3 . 



Bottom. 
.. -5 ... 
.. -4 ... 



LengtL 
.... 6-4 
.... 5-2 



1 Pounder 



i Pounder 




^ ^.^cA 



No. 

.. 1 

.. 2 

.. 3 

.. 4 

,. i 

,. » 
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The rocket is primed with mealed powder, and spirits of 
wine. 

When complete, the length of the pound rocket is 15^ inches; 
and the half-pound 12 inches; the weight of the pound rocket and 
stick is Ijlb. ; and the half-pound, 13 oz. 

Length of atickafor rockets, 
1-Founder rocket ... 8 feet. Half-pounder ... 6 feet 4 inches, 
in- , 8tar compositions. 

Isinglass, dissolved . . 3^ oz. 



Saltpetre, pulverized ... 8 lb. 
Sulphur, sublimated ... 2 lb. 
Antimony, pounded ... 2 lb. 



Vinegar 1 quart. 

Spirits of wine .... 1 pint. 



2. White stars. Mealed powder, 4oz.; saltpetre, 12 oz.; sul- 
phur vivum, 6 oz. ; oil of spike, 2 oz. ; camphor, 5 oz. 

3. Blue stars. Mealed powder, 8 oz. ; saltpetre, 4 oz. ; sul- 
phur, 2 oz. ; spirits of wine, 2 oz. ; oil of spike, 2 oz. 

4. Coloured^ or variegated stars. Mealed powder, 8 drs. ; 
tockpetre, 4 oz. ; sulphur vivum, 2 oz. ; camphor, 2 oz. 

5. Brilliant stars. Saltpetre, 3j^ oz.; sulphur, 1^ oz.; mealed 
powder, f oz., worked up with spirits of wine. 

6. Common stars. Saltpetre, lib.; sulphur, 4oz.; anti- 
mony, 4f oz. ; isinglass, ^ oz. ; camphor, i oz. ; spirits of wine, 
f oz. 

7. Tailed stars. Mealed powder, 3 oz.; sulphur, 2 oz.; salt- 
petre, 1 oz. ; charcoal, coarsely ground, } oz. 

8. Drove stars. No. 1. Saltpetre, 3 lb.; sulphur, 1 lb.; brass 
dust, 12 oz.; antimony, 3 oz. 

No. 2. Saltpetre, 1 lb.; antimony, 4 oz.; sulphur, 8 oz. 

9. Fixed pointed stars. Saltpetre, 8^ oz. ; sulphur, 2 oz. ; 
antimony, 1 oz. 10 drs. 

10. Stars of a fine colour^ Sulphur, 1 oz.; mealed powder, 
1 oz. ; saltpetre, 1 oz. ; camphor, 4 drs. ; oil of turpentine, 4 drs. 

The dry ingredients are well mixed, and sifted through a hair 
sieve : the isinglass dissolved over a fire with vineear, and the 
spirits of wine afterwards added, and with which the dry composi- 
tion is thoroughly mixed. It is then formed on moulds, and a hole 
is left in the middle to assist its ignition. Thirty-six stars are put 
in a 1-pounder, and twenty-two in a half-pounder rocket. 

A great variety of figures may be represented in the air by 
attaching to a large rocket several small rockets, or small cases 
filled witn the composition ; or serpents may be attached to the 
rocket by means ot packthread. 

SALTFETBE, PULYEBIZED. 

Sixteen pounds of refined lakepetre are put into a copper 
vessel, to which four quarts of water are added. It is placed o^^^st 
a charcoal fire to boil ; as the water ev«poTai\fta \\. \^ 7*^. ^^ccctfe^ 
with copper-abod spatulas or paddleB, occASVOiiflSlX^ \aJKm^''>N.^"S.'^QSfc 



246 FIREWORKS. [part XL 

fire, until tbe evaporation ceases ; and when brought to a fine 
powder it is sifted through a hair sieve, and spread on paper to 
cool. 

To extract saltpetre from damaged gunpotoder. 

Dissolve the powder in warm water, filter the solution through 
fine linen bags, and then evaporate the water by boiling it, until 
the solution is of sufficient strength to crystallize. 

■ 

BEBPENTS, OB SQUIBS. 

The case is made by rolling stout cartridge paper in slips ci 
6 or 8 inches in breadth three times round a former, and pasting 
down the last fold. The case, having been choked at one end, is 
filled about two-thirds with the composition, and a small piece of 
paper is inserted, over which powder is placed, and this end is 
secured with twine. At the other extremity, moist powder with 
touch-paper is inserted. To introduce the composition into the 
case, a quill, cut into the form of a spoon, may be employed, and 
the composition must be rammed down by a few strokes of a 
mallet on an iron rod tipped with brass. 

Composition, 

1. lb. oz. 2. lb. OS. 

Mealed powder 1 8 



Charcoal 4 

Sulphur 1 

Saltpetre 3 



1 
1 


H 



SHELLS, OB AEBLAX QLOBES. 

These globes are made of wood, and their thickness is equal 
to about a twelfth part of their diameters. The usual charge is 
an ounce of powder for a shell of 4 lb. weight, and 2 ounces for a 
shell of 8 lb. They may be fired from any mortars that have not 
a chamber. 

To form the BheU. 

Two wooden hemispheres (with a fuze hole) are joined firmly 
together, enclosing stars, squibs, rain, &c. A small quantity of 
powder is inserted to explode the shell, by means of a fuze. 

SHOWEBS OF FIBE. 

To form a shower of fire, mould small paper cases on an iron 
rod, two-tenths of an inch in diameter, and 2^ inches in length. 
They must not be choked, as it will be sufficient to twist the end 
of the case, and having put the rod into it, beat it to make it as- 
sume its form. When the cases are filled (which is done by im- 
mening them in the composition) fold down the other end, and 

then apply a match. They muftt v)^ &ift^ qtl %, ^xoxae with leaders, 

to be dred simultaneoualy. 
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Compositiona, 

Chinese fire. Mealed powder, lib.; sulpliur, 2 oz.; iron 
filings, 5 oz. 

Ancient fire. Mealed powder, lib.; cliarcoal, 2 oz. 
Brilliant fire. Mealed powder, lib.; iron filings, 4oz. 
The Chinese fire is the oest of the above compositions. 



8PECK1E, 



Brilliant, and diversified displays of fireworks may be readily 
exhibited by means of speckie, or lances. Illuminated designs of 
figures, &c., are represented by affixing on a black board small 
cases filled with various coloured compositions, to which leaders 
must be attached. The cases are fastened on with glue, and red 
lead mixed together. 

CompositioTis. 



Saltpetre 

Sulphur 

Mealed powder 

Antimony, crude ... 

Gum Succum 

Antimony, prepared 

Basket salt 

Gamboge 



White. 


YeUow. 


1 
Blue. Yellow. 


YeUow. 


lb. oz. 


lb. oz. 


lb. oz. lb. oz. 


lb. oz. 


2 4 


8 


1 2 


1 


2 


8 


1 


4 


8 


i 


4 


12 




10 


8 


4 


8 


8 


6 


3 



Stars, crosses, revolving suns, &c., being fixed on the wooden 
frame with the speckie, will form a brilliant display. 



SPUB FIRE. 



1. 



Saltpetre 

Sulphur 2 

Lamp black 1 



Compositions. 

lb. oz. 
4 8 



oz. 



2. lb. 
1 

8 

8 I 4 quarts. 

The saltpetre, and sulphur must be first sifted together, and 
then put into a marble mortar with the lamp black. These in- 
gredients must be thoroughly mixed with a wooden pestle. The 
composition, if rubbed too much, will be too fierce, and hardly 
show any stars: and on the contrary, when not mixed enough, 
will be too weak, and throw out an obscure smoke, and lumps of 
dross without any stars. This composition is generally rammed 
in 1, or 2 ounce cases, about five, or six inches long, but not driven. 
very hard. Cases filled with spur fire may \>e \ise^VB.TW3pai&^'^^- 
out ADjr danger of setting fire to the iutrnXute, Swi^*''^^^^^^^^'^ 
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them being placed round a transparent pTramid of paper, and 
fired in a large room, make a very pretty appearance. 

SUNS, OR WHEELS, FIXED, AND MOYKABLE. 

None of the pyroteclinic inventions can be applied with so 
much success in artificial fireworks, as stms, or wheels, of which 
there are two kinds, fixed, and revolTing. 

FIXED BUNS. 

Constmct a circular piece of wood, into the circumference of 
which screw 12 or 15 pieces in the form of radii, and to these 
attach jets of fire, the mouth of each of which most be towards 
the circumference of the frame ; and leaders being affixed to all 
the jets, they will, when ignited, produce the appearance of a 
radiated sun. The wheel is fixed vertically. The jets may be 
arranged so as to cross each other in an angular manner, in whicli 
case a «tor, or cro88 of Malta will be formed. To produce a very 
brilliant effect, these suns may be made with several rows of jets. 

REVOLYINO BUNS. 

Provide a -v^ooden wheel of the requisite size, and bring it 
into perfect equilibrium around its centre, in order that the least 
effort may make it turn round. Attach to the circumference oli it 
jets placed in the direction of the circumference ; and affix leaden 
of match to communicate the fire from jet to jet, according as mav' 
be required. When fire is applied to one of the jets, &e recoil 
will immediately cause the wneel to revolve, unless it should be 
too ponderous or large : therefore, when these suns are intended 
to be of a considerable size, that is, when they consist of twenty 
jets, fire must be communicated at the same time to the Ist, 6tb, 
11th, and 16th, from which it will proceed to the 2nd, 7th, 12th, 
and 17th, and so on. Four jets will thus make the wheel revolve 
rapidly. If two similar suns be placed one behind the other, and 
made to turn round in a contrary direction, they will produce a 
very brilliant cross fire. 

For a sun 5 feet in diameter, the cases should be 8 oz., fiDed 
about 10 inches in length with composition. 



Blow fin. 



Saltpetre 

Sulphur 

Mealed powder 



oz. 
. 4 
. 2 



m..,^fi.^ 

Saltpetre 1 

Sulphur 

Mealed powder... 



oz. 

8 
6 



Deadfire. 

oz. 

Saltpetre U 

Sulphur \ 

Lapis Calemanaris... \ 
Antimony \ 

Golden eoUur, 

lb. oa. 
Mealed powder... 1 
Charcoal, very good 2 






BriUiamifiM. 

lb. OS. 

Mealed powder 6 

Saltpetre 8 

Sulpbnir I 

Iron Sand IS 

lUd Ckim»mfir«. 

lb. OS. 

Mealed powder 1 

Saltpetre 1 

Charooal 4 

Sulphur 4 

\ra&. mxn\ %Ad\ 



V' 



V4 
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White Chinese fire. Grey colour, 

lb. oz. lb. OS. 

Mealed powder 1 

Saltpetre 4 

Sulphur 2 

Charcoal 1^ 



Mealed powder 1 

Saltpetre 1 

Sulphur 8 

Iron sand, 2nd & 3rd order 1 4 



Four ounce cases will be required for wheels of 14, or 16 
inches ; if the wheels are larger, 8 oz., 1 lb., or even 2 lb. cases 
will be required. 

The Chinese compositions are intended for cases of nine- 
tenths of an inch interior diameter, but they will be found to answer 
for cases as low as four ounces. 

TOUCH PAFEB. 

Dissolve saltpetre in spirits of wine, or water, more or less of 
the saltpetre, according as the paper is to bum fast, or slow : then 
dip into the solution bluepaper, which, when well saturated, take 
out, and dry for use. The touch-paper must be cut into slips, 
placed once round the mouth of the firework, and the end of tne 
paper outside the case should be twisted to a point. 

WH£ELS, PIN, OR CATHBBINB. 

The pipe or case is made on a long wire former, about three- 
sixteenths of an inch in diameter, into which the composition is 
poured through a funnel, and shaken down. The case is then 
rolled round a small circle of wood about one inch in diameter, 
and not more than half an inch thick, with a hole through the 
centre of it for a nail, or pin. One end of the case is to be pasted 
round the wood, and each half torn of it secmred with sealing- 
wax, or a strip of paper pasted across the wheel. The end is then 
primed. 

OoTnpontion. 

Mealed powder, 12 oz.; saltpetre, 3 oz.; sulphur, IJ oz. 
Two ounces of iron sand, or camphor, may be added, but it 
keeps better without either. 
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PART XII, 

MATHEMATICS. 

Mathematics is the science which treats of all kinds of 
quantity whatever, that can he numbered, or measured. 

Arithmetic is that part which treats of numbering. 

Fractions treat of broken numbers, or parts of numbers. 

Algebra is the art of computing by symbols. 

In this science, quantities of aU kmds are represented by the 
letters of the alphabet. 

Geometry is the science relating to measurement. By the 
assistance of geometiy, engineers, &c., conduct all their works, 
take the distances of places, and the measure of inaccessible 
objects, &c. 

Characters^ marhs^ or signs^ 

which are used in arithmetic and algebra, to denote several of the 
operations, and propositions : 

+ signifies plus, or addition, — minus, or subtractioiii 

X „ multiplication, -t- division, 

: : : : proportion, = equality, / square root, 

3^ cube root, 4' denotes that 4 is to be squared. 

4* denotes that 4 is to be cubed. 

ARITHMETIC. 

REDUCTION. 

Bedtiction is the method of converting numbers from one 
name, or denomination to another : or the method of finding the 
value of a quantity in terms of some other higher, or lower 
quantity. 

To reduce from a higher to a lower denomination. 



Rule. — Multiply the given 
number by as many of the lower 
denomination as make one of 
the greater;* adding to the 
product as many of the lower 
denomination as are expressed 
in the given sum. 

* Vide Tables, 



Example, — In £6 15». 5d, 
how many pence ? 

£ s. d, 
6 15 5 
20 



135 
12 



Y^'l^ AtMNKT, 
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To convert from a lower to a higher denomination, 

Bute, — Divide the eiven Example. — Convert 1625 
number by as many of the lower pence into pounds, shillings, 
denomination as are required to and pence, 
make one of the greater.* 
Should there be any remainder, 
it will be of the same denomi- 
nation as the dividend. 



* Vide Tables of Weights, 
and Measures. 



12) 1625 pence 
20) 135 5 

£6 lbs. bd. Answer, 



THE KULE OF THREE, OR SIMPLE PROPORTION. 

It is called the Bule of Three because three numbers are 
given to find a fourth. It is also called Simple Proportion, because 
the 1st term bears the same proportion to the 2nd, as the 3rd does 
to the 4th, Of the three given numbers, two of them are always 
of the same kind, or name, and are to be the 1st, and 2nd terms of 
the question ; the 3rd number is always of the same name, or kind 
as the 4th, or answer sought ; and in stating the question, it is 
always to be made the 3rd term. If the answer will be greater 
than the 3rd term, place the least of the other two given quan- 
tities for the 1st term ; but if the answer will be less tnan the 3rd 
term, put the greater of tho two numbers, or quantities, for the Ist 
term. 

Bule, — State the question according to the above directions, 
and multiply the 2nd and 3rd terms together, and divide this pro- 
duct by the 1st, for the 4th term, or answer sought. 

If the 1st and 2nd terms are not of the same denomination, 
they must be reduced to it ; and if the third term is a compound 
number, it must be reduced to its lowest denomination before the 
multiplication, or division of the term takes place. 

Note 1. — The operation may frequently be considerably 
abridged, by dividing the Ist and 2nd, or the 1st and 3rd terms, by 
any number which will exactly divide them, afterwards using the 
quotients, instead of the numbers themselves.* 

Example. — If 2 tons of iron for ordnance cost £40, how 
many tons may be bought for £360 ? 

As £40 : £360 : : 2 tons : 18 tons. 
(Thus 360 X 2)-f-40 = 18. The answer. 
* Or thus, 9 X 2 = 18. Tlie answer. 

Note 2. — A concise method of oscertalumg the auu\uiX 
amount of a daily sum of money. 
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Bule. — ^Bring the daily sum into pence, and then add together 
as many pounds, half pounds, groats, and pence, as there are 
pence in the daily sum, for the amount required. For leap year, 
add the rate for one day. 

Example. — Kequired the annual amount of 2«. Gd per diem. 

28. 6J. = 30<2. 30 pounds. 

15 = 30 half pounds. 
10s. = 30 groats. 
28. 6d, = 30 pence. 

Annual amount (365 days) ... £45 12«. 6d. 

Note 3. — To find the amount of any number of days* pay, the 
daily rate (under twenty shillings) being given. 

The price of an^ article being given, the value of any nombei 
may be ascertained in a similar manner. 

Bide 1. When the rate (or I Example, Required tin 
price) is an even number, mul- < amount of 243 days pay, at 4s. 
tiply the given number by half , per diem, 
of the rate, doubling the first 
figure to the right hand for the 
shillings, the remainder of the 
product will be pounds. 

JRtde 2. When the price is 
an odd number, find for the 
greatest number as before, to 
which add one-twentieth of the 
given number for the odd shil- 
ling. 



4 = 2 243 

2 



£48 12<. Am. 
Example. What is the price 
of 566 pairs of shoes, at 7<. pa 
pair? 

566 2|0)56|6 



3 



169 16«. 
28 6 



28 6 



£198 2<. Ant. 



FRACTIONS. 

A fraction is a quantity which expresses a part, or parts of i 
unit, or integer. It is denoted by two numbers placed with a Hn 
between them. 

A Simple fraction consists of two numbers, called the nnme 
rator, and denominator ; thus,_3 numerator, 

5 denominator. 

The Denominator is placed below the nnmerator, and es 

Sresses the number of equal parts into which the integer i 
ivided. 

The Numerator expresses the number of parts of the broke 
unit, or integer ; or sViowa Yio^ mw\^ qI ^^"^mV» qC the unit tr 
expressed by the fraction. 
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A Compound fraction is a fraction of a fraction, as i of f . 

A Mixed number consists of a whole number with a fraction 
annexed to it, as 4f . 

An Improper fraction has the nnmerator greater than the 
denominator, as f . 

REDUCTION OP FRACTIONS 

is bringing them from one denomination to another. 

To redv/ce a fradion to its lowest terms. 

Bide. — ^Divide the nmnerator, and the denominator, by any 
number that exactly divides them, and^ the quotients by any other 
number, till they can be no longer divided oy any whole number, 
when the fraction will be in its lowest terms. 

Example. — Reduce H^ to its lowest terms. 
Thus, |fi|-?^=^=il=f. Answer, 

To reduce an improper fra^ction to a whole^ or mioced number. 

Example. — Reduce V^* to a 
whole, or mixed number. 
12)114 



Rule. — ^Divide the numerator 
by the denominator, the quo- 
tient will be the whole number ; 
and the remainder (if anv) the 
numerator of the fraction, having 
the devisor for the denominator. 



9A Answer. 



7x7 



To reduce a mixed number to an improper fraction. 



Rule. — Multiply the whole 
number by the denominator, and 
add the numerator to the pro- 
duct, under which place the 
given denominator. 



Example. — ^Reduce 17f to an 
improper fraction. 



17f 
_8 

— — Answer. 
8 



To reduce a compound fraction to a simple fraction. 

Rule. — Multiply all the numerators together for the nume- 
rator, and all the denominators for the denominator. 

Example. — ^Reduce f of J of J of 9 to a simple fraction. 

Numerators 3x1x1x9 27 9 . 

= — = — Answer. 

Denominators 8x6x2x1 96 32 

To redu/ie fractions of different denominators to equivalent 
fr actions f having a common denominator. 

Rtde. — Multiply each numerator \>y aiW liXi^ ^<&t3LQn»si»X««^ 
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except its own for the new numerators, and multiply all the de- 
nominators together for a common denominator.* 

Example. — Reduce f , f , and \ to fractions having a common 
denominator. 

3x3x5= 46 

2x8x4= 80 
4x8x3= 96 
8 X 3 X 5= 120 Answer, y||^, ^, and ^. 

ADDITION OP FRACTIONS. 

Bide. — ^Bring compound fractions to simple fractions ; reduce 
all the fractions to a common denominator, then add all the nume- 
rators together, and place their sum over the common denominator. 
When mixed numhers are given, find the sum of the fractions, to 
which add the whole numbers. 

Example. — ^Add together f , }, and 6J. 

5x4x2 = 40 40 I 86 4.«4 I A«.QJ|_ 
3X6X2 = 36 Tff+TT-«-TT + 0-»Tff- 

1 X 6 X 4 = 24 or, by canceUing and dividing, * 
6x4x2 = 48 1t+A+A + 6 = 8A-- Answer. 

SUBTRACTION OF FRACTIONS. 

Rvde. — Prepare the quantities, as in addition of fractions. 
Place the less quantity under the greater. Then, if possible, snb- 
tract the lower numerator from the upper ; under tne remainder 
write the common denominator, and, if there be whole numbers, 
find their difference as in simple subtraction. But if the lower 
numerator exceed the upper, suotract it from the common denomi- 
nator, and to the remainder add the upper numerator ; write the 
common denominator under this sum, and carry 1 to the whole 
number in the lower line. 

Example. — ^From 64J or 54fJ- 
Take 25^ or 25^ 

29f;- Answer, 

MULTIPLICATION OF FRACTIONS. 

Rvle. — Reduce mixed numbers to equivalent fractions; th^^n 
multiply all the numerators together for a numerator, and all the 



* In reducing fractions to a common denominator, and in multiplieatiaii of 
tiraetionst the work may be conaideraJblj diminished by eanedUng any figwvt, 
which are in all the multiplea; ot >>3 dmdaxks v^^^IS'qx^^ «idti of then lir wj 
Mgnie which can divide au mthoDiJb any t w aaA T\ ft wr ^ 
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denominators together for a denominator, which will give the pro- 
duct required. 

Example. — Multiply f , f , and 2J together, 
f X f X (2J or) 1= J^ Answer. 

DIVISION OF IjTIACTIONS. 

Bvle. — ^Prepare the fractions, as for multiplicatioD ; then di- 
vide the numerator by the niunerator, and the denominator by tho 
denominator, if they will exactly divide ; but, if they will not do 
so, then invert the terms of the divisor, and multiply the dividend 
by it, as in multiplication. 

Example. — Divide ^ by 4J. 

T^-T-(4i or) $ = J Ansiioer. 

RULE OF THREE IN FRACTIONS. 

Rule. — State the terms, as directed in simple proportion ; re- 
duce them (if necessary) to improper, or simple fractions, and the 
two first to the same denomination. Then multiply together the 
second, and third terms, and the first with its parts inverted, as in 
division, for the answer. 

Example. — If 4J cwt. of sugar cost £19J, how much may be 
bought for £591? 

As i-o'g I ^v's' • * 4y 

Or, if?^ : Aji : : V ' 12f Answer. 

8 V *y 7 V 21 — 801 86 _ lOS ««|H- 



DECIMALS. 

A decimal fraction is that which has for its denominator an 
unit (1), with as many ciphers annexed as the numerator has 
places ; and it is usually expressed by setting down the numerator 
only, with a point before it, on the left hand. Thus, ^ is "5; 
^/^ is -25 ; yHtt is "^25 ; ciphers being prefixed, to make up as 
many places as are required by the ciphers in the denominator. 

A mixed number is made up of a whole number with some 
decimal fraction, the one being separated from the other by a point, 
thus 3*26 is the same as 3-^ or -fj^. 

Ciphers on the right hand of decimals make no alteration in 
their value ; for '5, '50, *500 are decimals having all the same 
value, each being = yV- ^^^ when they are placed on. tha VgS^. 
hand, they decrease the value in a teniold t^tot^ot^aoh^ ^\i&^*t> Sa 
jV; hut 05 IB rh. 
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ADDITION OP DECIMALS. 

Bvle. — Set the numbers under each other, according to the 
value of their places, in which state the decimal separating points 
will all stand exactly under each other. Then beginning at the 
right hand, add up all the columns of numbers as in integers, and 
point off as many places for decimals as are in the greatest number 
of decimal places m any of the lines that are added ; or place the 
point directly below all the other points. 

JtJxample.— Required the sum of 29*0146, 8146*5, 1416, and 165. 

29*0146 
3146-6 
1416 
165- 



Answer 3354-6746. 



SUBTRACTION OF DECIMALS. 

Btde. — Place the numbers imder each other according to the 
value of their places. Then, beginning at the right hand, subtract 
as in whole numbers, and point off the decimals, as in addition. 

jE7a;awipfe.— Subtract 4*90142 from 214*81. 

214-81 
4-90142 



Anstoer 209*90868. 



MULTIPLICATION OP DECIMALS. 

Bide. — ^Place the factors, and multiply them toother, the 
same as if they were whole numbers. Then point off in the pro- 
duct just as many places of decimals as there are decimals in both 
the factors. But, if there be not so many figures in the product, 
prefix ciphers to supply the deficiency.* 

.Ea^Twpfe.— Multiply 32*108 by 2*6. 

32108 
2-5 



160640 
64216 



80-2700 Answer, 



* To mulfiply deeimali by 1, «itH onj| wuwber qf evplk«ra,<w 10, 100,*c.— Tbff 
/« done by only removing the decvma\ wjVdX, %o m«Kv^V!K» IkKW ^» tlM rijrht 
Jiand, aa there are ciphers in the m\)iUp\\eT««xi^«\a^<Ai&a««ik.i^btf^ 
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DIVISION OF DECIMALS. 

Btde. — ^Divide as in whole numbers, and point oflf in the 
quotient as many places for decimals as the decimal places in the 
dividend exceed those in the divisor. When the decimal places of 
the quotient are not so many as the above rule requires, the defi- 
ciency is to be supplied by prefixing ciphers. When there is a 
remainder after the division, or when tne decimal places in the 
divisor are more than those in the dividend, then ciphers may be 
annexed to the dividend, and the quotient carried on as far as 
required. 

Uxamplc—DiYide 234-7052 by 64*26. 

64-26)234-7062(3-65 Answer. 
19275 



41955 
38550 

34052 
32125 



1927 Bemainder, 



SEDUCTION OF DECIMALS. 

To reduce a vtdgar fraction to its equivalent decimal. 

Bule. — ^Divide the numerator by the denominator, as in Divi- 
sion of Decimals, annexing ciphers to the numerator as far as 
necessary : and the quotient will be the decimal required. 

Example. — Reduce -^ to a decimal. 

24 = 4x6. Then 4)7- 

6)1-75 



•291666, &c. 



To find the value of a decimal, in terms of the inferior 

denominations. 

Bide. — Multiply the decimal by the number of parts in the 
next lower denomination, and cut off as many places to the right 
hand for a remainder, as there are places in the given decimal. 
Multiply that remainder by the parts in the next lo^«t ^<fc\!kssa!cv.- 
nation, again cutting oflf for another remamdeT aaXi^^otfe. "^xos^fc^^ 
in the aame maimer through all the parta oi \\i« Vss^^^x \ 'Osv^^ 

B 
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the several denominations, separated on the left hand, will make 
up the answer. 

Example. — ^What is the value of '775 pounds sterling. 

•775 
20 



Shillings 15-500 
12 



Pence ... 6*000 Anawer^ 15«. 6<i 

To convert integers^ or decimals^ to equivalent deeinudt cf 

higher denominations. 

Rule. — ^Divide by the number of parts in the next higher 
denomination, continuing the operation to as manj higher deno- 
minations as may be necessary. 

When there are several numbers, aU tohe converted to tie 
decimal of the highest. — 

Set the given numbers directly under each other for dividends, 

Sroceeding from the lowest to the highest ; opposite to each divi- 
end, on me left hand, place such a number for a divisor as will 
bring it to the next higher name. Begin at the uppermost, and 
perform all the divisions, placing the quotient of each division, ss 
decimal parts, on the right hand of the dividend next below it ; 
BO shall the last quotient be the decimal required. 

Example. — Convert Ihs. 92<2. to the decimal of a pound 
sterling. 



4 
12 
20 



3- 
9-75 

15-8125 

£-790625 Answer. 



Example, — Convert 1 dwt. to the decimal of a poimd, Troy 
weight. 

20)1 

12) '05 02. 



•0041661b. &c., Answer. 

RULE OF THREE IN DEC3IMALS. 

. -Kttle. — ^Prepare the terms, by reducing the fractions to 
decimals J compound numbers to decimals of the higher denominft- 
nons, or integers of the lower; also the first, and second terms to 
"je same name. Then m\iVl\ipVr,wA ^-sida, as in the Bole of 
-liiree, in ^i^gle numbera. 
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Example. — ^If § of a yard of cloth cost £{-, what will ^^ of a 
yard cost ? 

yd. yd. £ s. d. 

§ = •375 As -375 : -3126 :: -4 : -333 &c. or 6 8 

•4 



= •4 -375) 12500 (3333 &c. 

1126 20 



^ = -3215 1250 ». 6-666 &c. 

1125 12 



Ansioer, 68. Sd. 125 d. 7*999 &c. nearly 8d. 

DUODECIMALS. 

By Duodecimals, artificers, &c., compute the content of their 
works. 

Bide. — Set down the two dimensions to be multiplied toge- 
ther one under the other, so that feet may stand under feet, inches 
under inches, &c. 

Multiply each term in the multiplicand, beginning at the 
lowest, by the feet in the multiplier, and set the result of each 
straight under its corresponding term, observing to carry 1 for 
every 12, from the inches to the feet. In like manner multiply 
all the multiplicand by the inches, and parts of the multiplier, and 
set the result of each term one place removed to the right hand 
of those in the multiplicand : omitting, however, what is below 
parts of inches, only carrjdng to these the proper number of units 
from the lowest denomination. Or, instead of multiplying by the 
inches, take such part of the multiplicand as those are of a foot. 

Then add the two lines together for the content required. 

Example, — ^Multiply 14 feet 9 inches, by 4 feet 6 inches. 

ft. in. 

14 9 

4 6 



59 

7 4J 



66 4} Answer. 



TABLES OF WEIGHTS, AND MEASURES. 

TROY WEIGHT. 

24 grains ... 1 pennyweight. 

480 20 '. 1 ounce. 

5760 240. 12 1 ^xra.^. 

b2 
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AYOIfiDUPOlS WEIGHT. 

16 drams...! ounce. 

266 16 1 pound. 

7168 448 28 1 quarter. 

28672 ... . 1792 112 4 1 hundred weight. 

573440... 36840... 2240 80 20 1 ton. 

Jfote.—llh. Avoirdupois weight equals 14 oz. 11 dwts. 15^ grs. Troy. 

loz. ditto 18 dwts. S^ao. 

1 dr. ditto 27.34875 do. 

WEIGHTS. 

To find the weight, for tonnage. 
Cattle— 

Divide the number by 3, for weight in tons. 

S?ieep Average 60 lb. each. 

Divide by 33, for weight in tons. 

Pigs Average 80 lb. 

Divide by 15, for tons. 
Beer, or Ale — 

Barrel 8 J cwt. 

Hogshead 5^ cwt. 

Oats Sack — 24 stone. 

Divide quarters by 6, for tons. 

Sum — 

Divide gallons by 224, for tons. 

Wine Cask— 12 cwt. 

Hide for ascertaining the weight of hay. 

Measure the length, and breadth of the stack ; then take its 
height from the ground to the eaves, and add to this last one-third 
of ttie height from the eaves to the top : Multiply the length by 
the breadth, and the product by the height, all expressed in feet ; 
divide the amount by 27, to find the cubic yards, which multiply 
by the number of stones supposed to be in a cubic yard (viz., in a 
stack of new hay, six stones ; if the stack has stood a considerable 
time, eight stones ; and if old hay, nine stones), and you have the 
weight in stones. For example, suppose a stack to be 60 feet in 
length 30 m breadth, 12 in height from the ground to the eaves, 
?? oi**^® *^^^^ ^^ ^^<^^ ^8 three) from the eaves to the top ; then 
60x30x15== 27000: 27000-^27 « 1000 ; and 1000x9 = 9000 
stones of old hay. 

12 inches 1 foot 
j^l 3 lyard. 

^^^6" 5280 nso... m % ..VTias.. 
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LAND MEASURE (Length.) 

7*92 inches 1 link 

100 links, or 22 yards 1 chain. 

80 chains 1 mile. 

69'121 miles 1 geographical degree. 

LAND MEASURE {Surfoce^ OT Squarc.) 

62*7264 square inches 1 square link. 

626 square links 1 square pole, or perch. 

10000 square links 1 square chain. 

2500 square links 1 square rood, or pole. 

10 square chains 1 square acre. 

100000 square links 1 square acre. 

NAUTICAL MEASURE. 

1 nautical mile 608266 feet. 

3 miles 1 league. 

20 leagues 1 degree. 

360 degrees the earth's circumference. 

SQUARE MEASURE. 

144 s. inches 1 s. foot. 

1296 9 1 s. yard. 

39204 272J 30J 1 s. pole. 

1668160 10890 ... 1210 40 1 rood. 

6272640 43660 ... 4840 160 4 1 acre. 

CUBIC MEASURE {Meosurs of solidity,) 

1728 cuhic inches 1 cuhic foot. 

27 cubic feet 1 cubic yard. 

NoU.—A cabic foot is equal to 2200 cylindrical inches, or 3300 spherical 
inches, or 6600 conical inches. 

Timber. 

40 feet of round, and 50 feet of hewn timber make 1 Ton; 
16 cubic feet make 1 Foot of wood : 8 feet of wood make 1 Cord, 

Water, 

Maximum density 42 deg. Fahrenheit. 

1 cubic foot of water 6J imperial gallons. 

1 cylindric foot do about 5 do. 

1 cubic foot weighs 62*5 lb. avoirdupois. 

1 cylindric do. 49*1 

1 lineal (1 in. square) do. '434 

12*2 imperial gallons weigh 1 cwt. 

224 do. do. iton. 

1*8 cubic feet do. \ g^w\.. 

33-84 do, do. IVsa., 
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MEASUSES OF OAPAOITT. 



69 & cubic in... 2 pints 1 quart. 

277| 8 4 1 gallon. 

554i 16 8 2 1 peck. 

2218t 64 32 8 4 1 bushel. 

lOJ cubic ft. 612 



256 



64 



32 8 1 quarter. 



FRENCH MEASURES. 



English 
cubic inches. 

Millilitre -06103 

Centilitre •61028 

DeciUtre 610279 

Litre, or cubic deci- 
metre 61-02791 

Decalitre 610*27900 

Hectolitre 6102-79000 

Kylolitre 61027-90000 

MyriaUtre 610279-00000 

1 fitre is nearly 2| wine pints. 
1 kilolitre 1 tun 12f wine gallons. 
1 atere, or cubic metre ... 36-3171 



English 
feet 

Metre 3*281 

„ French feet, 3*07844 

Millimetre -03937 

Centimetre -39371 

Decimetre 3*93706 

Metre 39-37079 

Decametre 393*70790 

Hectometre 3937-O7900 

Kilometre 39370*79000 

Myriametre 393707*90000 

8 kilometres are nearly 6 miles. 

1 inch is *0254 metre. 

100 feet are nearly 30*6 metres. 



INVOLUTIOK. 

Involution is the raising of powers from any given number, 
as a root. 

A Power is a quantity produced by multiplying any given 
number, called the jnoo^, a certain number of times continually 
by itself. Thus, 2x2 = 4, the 2nd power, or square of 2, expressed 
thus, 2«. 

The indeXf or eocponent of a power is the number denoting 
the height, or degree of that power. Thus, 2 is the index of the 
2nd power. 

Powers that are to be raised, are usually denoted by placing 
the index above the root, or first power. 

Thus 2» = 4, the 2nd power of 2. 

Example. — "What is the 2nd power of 45 ? 

45x45=2025 Answer, 

EVOLUnOK. 

Evolution is the reverse of Involution, being the eztractiiig, 
or finding the roots of any given powers, or numbers. 

The Root of any uumbeT, or power, is such a number as 
being multiplied into itse\i a cetUvii Ti\m^x <all ^as&Aa^ will pro- 
duce that power. 
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Thus, 2 is the square root, or 2nd root of 4, because, 
2* =» 2 X 2 sr 4 ; and 3 is the cube root, or third root of 27. But 
there are many numbers of which a proposed root can never be 
exactly found ; by means of decimals, however, the root may be 
very nearly ascertained. 

Any power of a given nv/mber, or root, may be found exactly 
by multiplying the number continually into itself. 

Those roots which only approximate are called Surd-roots; 
but those which can be found, quite exactly, are called Rational- 
roots. Thus, the square root of 3 is a surd root, but the square 
root of 4 is a rational root, being equal to 2 ; also the cube root 
of 8 is rational, being equal to 2, but the cube root of 9 is surd, 
or irrational. Roots are sometimes denoted by writing the cha- 
racter / before the power with the index of the root against it. 

Thus, the 3rd, or cube root of 20 is expressed by 3/ 20. When 

the power is expressed by several numbers with the sign + or — 
between them, a line is drawn from the top of the sign over all 
the parts of it; thus the cube (or third) root of 45 — 12 is 
3/46—12 or thus 3/ (45—12.) 



TO EXTRACT THE SQUARE ROOT. 

Bule. — Divide the given number into periods of two figures 
each, by setting a point over the place of units, and another over 
the place of hundreds, and so on over every second figure, both to 
the left hand in integers, and right hand in decimals. Find the 
greatest square in me first period on the left hand, and set its 
root on the right hand of the given number, after the manner of 
the quotient figure in division. Subtract the square thus found 
from the said period, and to the remainder annex the two figures 
of the next following period for a dividend. Double* the root 
above-mentioned for a divisor, and find how often it is contained 
in the said dividend, exclusive of its right-hand figure ; and set 
that quotient figure both in the (quotient, and divisor. Multiply 
the whole augmented divisor by this last quotient figure, and sub- 
tract the product from the said dividend, bringing down to it the 
next period of the given number, for a new dividend. Repeat the 
same process over again^ — viz., find another new divisor, by 
doubling all the figures now found in the root; from which, and 



* The best way of doubling the root, to form the new divisor, is by 
adding the Last fign^e always to the last divisor, as appears in the following 
example. 

After the figures belonging to the given n\]i&b«i «s« «2\ «i2ck3»u)^«^'Ci:^<ik 
operation may be continued into decimalB, by a^u^^ng vc^f 'nmn^^Mst ^*C "j^^cvsa^^ 
(n cipher^ two in each period. 
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the last dividend find the next figure of the root as before ; and so 
on through all the periods to the last. 

To extract the square root of a fraction^ or mixed nurnher. 

Reduce the fraction to a decimal, and extract its root. 

Mixed numbers may be either reduced to improper fractions, 
and the root extracted ; or the fraction may be reduced to a deci- 
mal, then joined to the integer, and the root of the whole ex- 
tracted. 

Example. — To find the square root of 29506624. 

.... 

29506624 (5432 The Root. 
25 



104 
4 


450 
416 


1083 
3 


3466 
3249 



10862 
2 



21724 
21724 



TO EXTBAGT THE CUBE ROOT. 

Bvle 1. — ^By trials, or by the table of roots, {vide page 266) 
take the nearest rational cube to the given number, whether it be 
greater, or less, and call it the assumed cube. 

2.— Then (&y the Rule of Three) 
As the sum of the given number, and double the assumed 
cube, is to the sum of the assumed cube, and double the given 
number, so is the root of the assumed cube, to the root required, 
nearly. 

3. — Or as the first sum, 

is to the difference of the given, and assumed cube, 

so is the assumed root, 

to the difference of the roots, nearly. 

4. — ^Again, by using, in like manner, the cube of the root lani 
found as a new assumed cube, another root will be obtained still 
nearer. Repeat this operation as often as necessary, using always 
the cube of tne last-found root, for the assumed root. 

Example. — ^To find the cube root of 21035*8. 

Hj trials it will \)e fouiad jiT«t, t\«kt the root lies between 
20, and 30 ; and, secondlt^, \ie\;wecii Yl , mA 'a. "Yik^^, tli«Tt- 
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fore, 27, its cube is 19683, which will be the assomed cnbe. Then 
by No. 2 of the Rule 

19683 21035-8 
2 2 



39366 42071-6 
21035-8 19683- 



As 60401-8 : 61754-6:: 27 : 27*6047 the Root, nearly. 

Again for a second operation, the cnbe of this root is 
21035*318645155832, and the process by No. 3 of the Rule 
will be 

21035*318645, &c. 
2 



42070-637290 21035*8 

21035*8 21035*318646, &c. 



As 63106*43729 : diff. -481355:: 27*6047 : 

: thedifil -000210560 



consequently the root required is 27*604910560 
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TABLE OF SQUAAES, CnBES, AND BOOTS. 
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Sqr. coot. 
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PILING OP SHOT, AND SHELL. 

Shot, and shells, are usually piled in horizontal courses, the 
hase heing either an equilateral triangle, a square, or a rectangle. 
The triangular, and square piles terminate each in a single ball, 
but the rectangular pile finishes in a row of balls. 

To find the number of balls in a complete pUe. 

Bide. — Add the three parallel edges together; then one-third 
of the product of that sum, and of the number of balls in the tri- 
angular face, will be the number sought. 

Note 1. — The parallel edges in a rectangvlar pile are the two 
rows in length at tne base, and the upper ridge. In the square 
pile the same, except that the upper row is only a single ball. 
In the triangular pile^ one side of the base, the single ball at 
top, and that at the oack, are considered the parallel edges. 

Note 2. — The numher of halls in the triangular face is found 
by multiplying half the number in the breadth at the base, by the 
number m the breadth at the base »Z2*s 1. 

Note 3. — ^In all piles the breadth of the bottom is equal to the 
number of courses. In the oblong pile, the top row is one more 
than the difference between the length, and breadth of the bottom. 

Example. — To find the shot in a triangular pile, the bottom 
row consisting of 12 shot. 




1 



^ CD 






12-7-2= 6 
12 + 1 = 13 



3)14 
^1 



Triangular face 78 

4f 



312 
62 



Answer 364 

Example. — ^To find the shot in a square pile, the bottom row 
consisting of 12 shot. 

12 12-^-2= 6 

12 12+1 = 13 

1 

78 

3)25 8^ 




84 



624 
26 



Auawer ^b^i 
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Example. — To find the shot in an oblong pile, whose base con- 
sists of 18 shot in length, and 12 in breadth. 

18 18—12 = 6 

18 1 

7 — 
7 




3)43 
14i 



12-h2- 6 
12 + 1 = 13 

78 
14i 



312 
78 
26 



Answer 1118 



Triangvlar pUe. 

Rule. — ^Multiply the base by the base plus 1, this product bj 
the base plus 2, and divide by 6. 

Square pUe, 

Mule. — ^Multiply the bottom row by the bottom Towplus 1, and 
this product by twice the bottom rowplua 1, and diyide by 6. 

Rectangular ^ or oblong pile. 

Rule. — ^Multiply the breadth of the base by itself t>Zi<« 1 ; and 
this product by three times the length of the base ptus 1, minut 
the breadth of the base, and divide by 6. 

In the following formulae let the letter (L) denote the number 
in the bottom row, or the length; and (B) the breadth of the lowett 
course, 

Lx(L + l)x(L+2 ) 

6 

Lx(L + l ) X (2L + 1) 

6 

Bx(B + l) x (3L + l~-B ) 

6 

The number of shot in any pile 

(whose base does not exceed 21) may readily be ascertained by 
referring to the folloioing Tdble^ page 270. 

J^or the square pile. — \jwk. \ot ^^ wxsm&ct ^^C »hot in the base, 
in the first vertical coVumn on t\i^ ^ft^ >a»5A^ «sA li^ va, xJaa 



Triangular pHe 
Square pile 
Oblong pile 
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diagonal column ; and at their angle of meeting will be found the 
content required. 

Thus 20 base gives 2870. 

For the triangular pU-e. — Look for the number in the base 
row in the diagonal colunm, and opposite to it will be found the 
content. 

Thus 18 base gives 1140. 

For the oUong pUe. — Look for the number in the length of 
the base in the vertical column, and the breadth of the base in 
the diagonal column, and at their angle of meeting will be found 
the content required. 

Thus 17 length, and 12 breadth, gives 1040. 

To find the number of haUs in an incomplete pHe. 

Compute the number in the pile considered as complete ; also 
the number in the upper pile, or part wanting ; and the difference 
between the two piles thus found will be the number in the 
frustrum, or incomplete pile. 
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CORDAGE. 

Hopes, cables f and all other descriptions of cordage are dis- 
tinguished by their circnmference, thus a two-inch rope means a 
rope two inches in circumference. 

To find the weight of a rope. 

First method. — ^Multipl^ the length in fatlioms by the square 
of the circumference, and (uyide the product by 480 for the weight 
in cwts. 

JEJxample, — ^Required the weight of 110 fiftthoms of 3-inch 
rope. 

3x3x110=: 990, which divided by 480 gives 2 cwt. 7 lb. 
Weight required. 

Second method. — Divide the square of the circumference by 
4, the quotient will give the weight, in pounds, per fathom. 

Uxan^le. — What is the weight of a 3-inch rope per fathom ? 

3«^4 = 2 J lb. Weight required. 

To find the strength of a rope, or the weight it wiH support. 

First method, — S(][uare the circumference, and divide by 6, for 
the number of tons which it will bear suspended from it.* 

FxampU. — ^What weight will 3-inch rope of the best descrip- 
tion support? 

3x3 

5~ = f = 1 J ton, or 4030 lb. Weight required. 

Second method. — Multiply the square of the circumference by 
2, the product will give the practical weight in cwts. that may be 
lifted by it, or about half the breaking weight. 

Example. — ^What number of cwts. may be lifted by a 3-inch 
rope? 

3* X 2 «18 cwts. Weight required. 

The strain^ in pounds, ar(}pe wiU hear safely = girt* x 200 ) „.„ j„ 

acabU „ „ -girt«xl20/''^"^^^- 

CHAINS. 

To find the weight of chains. 

The square of the diameter of the link, measured in eighths 
of inches, will give the weight of the chain, per fathom, in pounds. 



* TkU rule it only apoUcabU to tike very hed mode nan eordoae. TV« tftfr> 
eumferenee equared ekouU he divided by 6 iiuiteod qf ^ /or tK« OMMrViK^cm of 
rope fftntralljf employed. 
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JSaximple. — ^Wbat is the weight per fathom of a }-inch chain ? 

i-inch = J ; 6* =» 36 Ih. Weight per fathom. 

Or, the weight per foot of the chain, multiplied by 24, will 
give the weight per fathom of the chain, nearly. A chain cable 
with a stay across the links will weigh about one-twelfth more than 
the foregoing examples. 

Tojirid the weight that may he safely lifted by a chain. 

Divide the square of the diameter of the links, taken in 
eighths of an inch by 8, and the quotient will give the number of 
tons that may be lifted by the chain. 

Example. — ^What number of tons will a chain made of f-inch 
iron carry with safety ? 

i.inoh = t e-.Se |6„4j ton.. Weight re<iuiTed. 

O 

The safe strain is e(j[ual to about 8 tons, per square inch, of 
the iron of which the cham is made. 

The stay across the link of a chain increases its strength 
about one-sixth. 

When the chain is of great l&nathf a deduction, from the above 
rules, must be allowed for the weight of it. 



IKON BODS. 

To find the weight of round iron rods. 

Divide the square of the diameter, in quarter inches, by 2, and 
the quotient will give the weight in pounds, per yard. 

Example. — ^What is the weight of a yard of 1-inch round 
iron. 

1 inch = 4 quarters 4« - 16 T " ® ^^* ^^'^^* required. 

To find the weight of square rods. 

The weight of round rods, of similar diameter, divided by 
'7854 will give the weight of the square rods. 

To find the weight that may he sustained, or Ufted, by round 
iron rods. 

Find the weight in pounds, per yard ; two-thiids of which 
will give the safe load, in tons. 

A round iron rod of average quality of iron, one inch in dia- 
meter, wiJJ be torn asunder by 16 tons; it will be perceptibly 
damaged by half this strain, oi ^ Vm&\ \\i^ «a£^ V»d will be one- 
tbird, or 5*33 tons. 
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TIMBER. 

To find the area, or superficial content ofaph/nk. 

Multiply the length by the mean breadth.* 

Example. — Reauired the content of a board whose length is 
11 feet 2 inches, ana breadth 1 foot 10 inches, 
ft. in. ft. in. ft. in. 
11 2x1 10=20 6. Content required. 

To find the solid content of squared^ or four-sided timber. 

Multiply the mean breadth by the mean thickness, and the 
product by tne length, for the content, nearly. 

Note 1. — ^If the tree taper regularly from the one end to the 
other, either take the mean breadth, and thickness in the middle, 
or take the dimensions at the two ends, and half their sum will 
be the mean dimensions ; which, multiplied as by the above rule, 
will rive the content, nearly. 

Note 2. — ^If the piece do not taper regularlj, take several dif- 
ferent dimensions, add them all together, and divide their sum by 
the number of them, for the mean dimensions. 

Uxample. — Required the content of a piece of timber 16 feet 
long, and side of square 14 inches, 
ft. in. ft. in. ft. ft. in. 

1 2x1 2x16-= 21 9. Content required. 

To find the solidity of round, or unsqvared timber, 

1. Multiply the square of the Quarter girt for the square of J 
of the mean circumference), by the length, for tne content. 

Note. — When the tree is tapering, take the mean dimensions, 
either by girting it in the middle for the mean girt, or at the two 
ends, taking half the sum of the two ; or by girting it in several 
places, then adding all the girts together, and dividing the sum by 
the number of them for the mean girt. But when the tree is very 
irregular, divide it into several lengths, and find the content of 
each part separately. 

Example. — Required the content of a tree, whose mean girt is 

3" 15 feet, and length 14 J feet. 

3*16 

-^ = -7875 -7875 x '7875 = '62015625. 

•62015 x 14-5 «8-9922 feet of solid timber. The content required. 

2. Find the mean area of a roimd tree, and multiply it by 
the length for the content. 

To find the wei^t of a tree. 

Find its content in feet, and multiply that by the specific 
CTavity of the wood. 
{Vide Gravity, and Table of Specific gravities. Pages 302, 303.) 

* When the board is tanering, add the bteadths «it >3dl<& two «&!^\x^^g«$Q&s5t^ 
and take half the sum for the mean breadth. Or elte, \aiL<& X2[^ T&»ui.\stfi»dfi^ 
in the middle. 



£!xampU. — Kequired the weight of an elm bee, whose meui 
girt ii & feet, and length 60 feet. 

f-rS6 1-25x1 35-1-A6S6. 

l'562&x60-g3-7&. Content in feet. 
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The calculation of tonnage for baggage, stores, &c., is by 
measurement : a Ton^ consisting of 40 cubic feet ; but metals, and 
very heavy articles, are estimated by actual weight, without re- 
ference to bulk. 

To (lacertain the tonnape of sailing vessels j the hold 

hemg dear. 

Bide. — Divide the length of the upper deck between the after- 
part of the stem, and the forepart of the stempost, into six equal 
parts. 

Depths, — At the foremost, the middle, and the aftermost of 
those points of division, measure in feet, and decimal parts of a 
foot, the depths from the under side of the upper deck to the ceil- 
ing at the limber strake. In the case of a break in the upper deck 
the depths are to be measured from a line stretched in a continua- 
tion of the deck. 

Breadths. Divide each of those three depths into five equal 
parts, and measure the inside breadths at the following points — 
viz., at one-fifth, and at four-fifths from the upper deck of the 
foremost, and aftermost depths, and at two-fifths, and four-fifths 
from the upper deck of the midship depth. 

Length. At half the midship depth measure the length of the 
vessel from the afterpart of the stem to the forepart of the stem- 
post ; then to twice the midship depth add the foremost, and the 
aftermost depths for the sum of the depths; add together the 
upper, and lower breadths at the foremost division, three times the 
upper breadth, and the lower breadth at the midship division, and 
the upper, and twice the lower breadth at the after division, for 
the sum of the breadths : then multiply the sum of the depths by 
the sum of the breadths, and this product by the length, and divide 
the final product by 3500, which will give the number of tons for 
register. 

If the vessel have a poop, or half deck, or a break in the 
upper deck, measure the inside mean length, breadth, and height 
of such part thereof as may be included within the bulk-head ; 
multiply these three measurements together, and, dividing the 
product bv 92*4, the quotient will be the number of tons to be 
added to the result as above found. 

In order to ascertain the tonnage of open vessels, the depths 
are to be measured from the upper edge of the upper strake. 

To ascertain the tonnage of stea/mrvessels. 

Bule. — ^In addition to the foregoing rules, when applied 
for the purpose of ascertaining the tonnage of any ship or 
vessel propelled by steam, the tonnage due to the cubical con- 
tent of the engine-room must be deducted from the total ton- 
nage of the vessel, as determined by either of the rules afores&id^ 
and the remainder will be the true regvatei toTvxi»i'^<^ Ql^'^wa^.^^SsfiP^ 
or yesBel 

t2 



276 MECHANICS. [PABT XII. 

To determine the tannage due to the cubical content of the 

engine^oom. 

Utile. — ^Measure the inside length of the engine-room in feet 
and decimal parts of a foot, from the foremost to the aftermost 
bulk-head, then multiply the said length b^ the depth of the ship 
or vessel at the midship division as aforesaid, and the product by 
the inside breadth of the same division at two-fifths of the depui 
from the deck, taken aforesaid, and divide the last product by 
92*4, and the quotient will be the tonnage due to the cubical con- 
tent of the engine-room. 

To ascertain the tonnage of veaseU when laden. 

Rule. — Measure, firat^ the length on the upper deck between 
the afterpart of the stem, and the forepart of the stem-post; 
secondly, the inside breadth on the under side of the upper ae^ 
at the middle point of the length ; and, thirdly, the depth from 
the under side of the upper deck down the pump-well to the sink ; 
multiply these three dimensions together, and divide the product 
by 130, and the quotient will be the amount of the register ton- 
nage of such ships. 

MECHANICS. 

Mechanics is the science of forces, and the effects they pro- 
duce when applied to machines in the motion of bodies. 

Machine, or engine^ is any mechanical instrument contrived 
to move bodies. 

Equilibrium is an equality of action, or force, between two or 
more powers, or weights, acting against each other, by which they 
destroy each other's effects, and remain at rest. 

The centre of motion is the fixed point about which a body 
moves. 

The axis of motion is the fixed line about which it moves. 

The centre of aravity is a certain point on which a body 
(being freely suspended) will rest, in any position. 

The whole momentum, or quantity of force of a moving body, 
is the result of the quantity of matter multiplied by the velocity 
with which it is moved. 

THE MECHANICAL POWERS. 

Power is compounded of the weight, or escpansive force of a 
moving body, multiplied into its vdocitv. 

The power of a body, which weigns 40 lb., and moves with 
the velocity of 50 feet in a second, is the same as that of another 
body which weighs 80 lb., and moves with the velocity of 25 feet 
in a second: for the products of the respective weights, and 
velocitiea are the same. 

40 X 50 =^000 \ wA ^Q x'ltj-^^^jfe. 
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Power cannot be increased by mechanical means. 
Power is applied to mechanical purposes — 

1. By the lever ; 4. By the inclined plane ; 

2. By the wheel and axle ; 5. By the wedge ; 

3. By the pulley ; 6. By the Bcrew ; 

which are the simple elements of all machines. 

The whole theory of these elements consists simply in causing 
the weight, which is to he nUsed, to pass through a greater or a. 
less space than the power which raises it ; for, as power is com- 
pounded of the weight, or mass of a moving Jbody, multiplied into 
its velocity, a weight passing through a certain space may he 
made to raise, through a less space, a weight heavier than itself. 

THE LEVER. 

The lever is the most simple of all machines, heine only a 
straight har of iron, wood, &c., supported on, and moveahie round 
a prop, called the fulcrum. 

Case 1. — ^When the fulcrum of the lever is between the power, 
and the weight. 

Bule. — ^Divide the weight to be raised by the power to be 
applied; the quotient will give the difference of leverage necessary 
to support the weight in equilibrio. Hence, a small addition 
either of leverage, or weight, will cause the power to prepon- 
derate. 

Example 1. — A ball weighing 3 tons is to be raised by 4 men, 
who can exert a force of 12 cwt.: required the proportionate length 
of lever? 

3 ton8«60cwt.; andfj=6 

In this example, the proportionate lengths of tlie lever to' 
maintein the weight in equilibrio, are as 5 to 1. If, therefore, an 
additional pound be added to the power, the power side of the lever 
will preponderate, and the weight will be raised. But, although 
the ball is raised by a force of only one-fifth of its weight, no power 
is gained, for the weight passes through only one-fifth of the space. 
The products, therefore, arising from the multiplication of the re- 
spective weighte, and velocities are the same. 

£3cam]Me 2. — A weight of 1 ton is to be raised with a lever 
8 feet in length, by a man who can exert, for a short time, a force 
of rather more than 4 cwt. ; required at what part of the lever the 
fulcrum must be placed ? 

-J— — r~5; that is, the weight is to the power as 6, to 1, 

g 
therefore, -^ — 7 =» 1 foot and a third, from the weight. 

Example 3,— A weight of 40 \\). \a ie\stfife^ V ^w^^. ^x««^ *^^ 
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falcnim of a lever ; required the power to raise the same, when the 
length of the lever on the other side of the folcnim is 5 feet ? 

— V— =81h. Ans, 

Case 2. — When the fulcrum is at one extremity cfihe lecer, 
and the power at the other. 

Utile. — ^As the distance between the power, and the fblcmm 
is to the distance between the weight, and the fiilcmm, so is the 
effect to the power. 

Example 1. — ^Required the power necessary to raise 1201b., 
when the weight is placed 6 feet from the power, and 2 feet from 
the fulcrum ? 

As 8 : 2 : : 120 : 30 lb. Ans. 

Example 2. — ^A beam, 20 feet in len&pth, and supported at 
both ends, bears a weight of 2 tons at the oUstance of 8 feet from 
one end ; required the weight on each support ? 

40 cwt. X 8 feet ^ , . .i . . * • - 
oTTf ~t ~ ^ ^^ support that is rarthest from 

40 X 12 
the weight; and 2A"^r~24cwt. on the support nearest to the 

weight. 

Case 3. — When the weight to he raised is at one end of ihs 
lever^ the fulcrum at the other ^ and the power is applied hAween 
them. 

Bute. — ^As the distance between the power, and the fblcnmi, is 
to the length of the lever, so is the weignt, to the power. 

Example. — The length of the lever being 8 feet, and the 
weight at its extremity 601b., required the power to be applied 
6 feet from the fulcrum to raise it ? 

As 6 : 8 :: 60 : 80 lb. Ans. 

Velocity is gained at the expense of power by the lever ^ OMd 
wheels and aide. 

Note 1.— When two men are carrfing a load on a pole between tlieni, the 
stronffest man should have the weiffht placed nearer to mm than the otiMr maa. 

Note 2.— To carry guiUt 4*0*— Ii the burden can be carried by four men; after 
having made it ftwt to the middle of a large lever, fix tiie extremUiee ot tirii 
lever on two shorter levers, and place a man at each of the potela, C, D, E, F. 
Vide plate, Jfeohaniea, Fig. 1. In Fig. 2, the weight is equally divided betweea 
eight men, and in Fig. 3, between sixteen men. 

THE WHEEL, AND AXLE. 

The advantage gained is in proportion as the circumference 

of the wheel exceeds that of the axle ; therefore, the larger the 

wheel, and the smaller the axle, the stronger is the power of this 

machine, but then the weigVil w\\\ nsa ^iQ^T\AaT«Uj slower. A 

winch may be used instead ot a^\i^^\, fet *^ Voxi^^^^^vo^ 
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tbe hand will describe a circle, and there is no difference in the 
result, whether an entire wheel be turned, or a single spoke which 
the winch as a lever represents. 

Bide. — As the radius of the wheel is to the radius of the axle, 
so is the effect, to the power. 

JExample. — ^A weight of 50 lb. is exerted on the periphery of 
a wheel, whose radius is 10 feet ; required the weight raised at the 
extremity of a cord wound round the axle, the radius being 20 
inches. 

50 lb. X 10 feet x 12 inches ^^^ „ ^ 
20 inches ^^00 lb. Ans. 

THE PULLET. 

The pulley consists of a grooved wheel, called a sheave^ 
moveable on an axis, or eudgeon, and enclosed in a frame, or case, 
called a block. By passing a cord over the pullev, a man will be 
enabled to draw up a weight equal to that which his own body 
supplies in pulling downwards. 

By combining a number of ptiUeys^ as many assistants are 
obtained as there are wheels : thus, two pulleys will have double 
the power of one, because half the weight is sustained by the frame 
to vmich one end of the cord is attached ; but then it requires 
double the time to do the work. As the friction of the puUey 
is very great, particular attention must be paid that all the turns 
or kinks of a rope be taken out, before it is made use of, and it 
should enter easily into the grooves of the sheaves. 

Rule. — Divide the weight to be raised by twice the number of 
pulleys in the lower block ; the quotient will give the power neces- 
sary to raise the weight. 

Example. — ^What power is required to raise 600 lb., when the 
lower block contains six pulleys? 

i??=50lb. Awt. 
6x2 



• 



TACKLES. 

Tackles are indispensable in the service of the artillery. 

The faU is the rope of which the tackle is composed ; that 
end of it which is fixed to the block is called the standing part^ or 
end; the other, which is pulled, or hauled on by the men, is called 
the rwnning partj or erui; and the parts which pass from one 
block to the other are called the returns of the fall. 

In cdl opercUions with tackles^ the following directions should 
he attended to : — 

1st. Make fastenings stronger than appears a^uaUy neces- 
sary. 

2Dd. Examine the straps, and liooWa oi XJaaX^'W^^ ^««S»^ » 
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3rd. Consider whether the cordage is new, half-worn, or ahnost 
worn out. 

4th. Attend to the seizings of the clinches, the sheet hends, 
the proper stoppeiing of the fall, the helajing the fall with two 
hall hitches. 

5th. Be very distriistfiil of selvages applied on smooth worn 
Fope. 

6th. Do not alluw ropes to he struck, or trampled on, wh«n 
the weight is suspended. 

7th. The men should stand as safe as the proper performanoe 
of the various duties will permit. 

8th. In pulling a rope, the men ought to place themselves in 
a right line, and haul together. The most advantageous position 
for pulling is down a slope, or in a descending position. 

COMBINATION OF PULLEYS. 

A leading Uoch is a fixed pulley, which alters the direction 
of the power, but does not increase it: Power = Weight. On 
account of friction the power must exceed the weight a little, in 
order to raise it. 

Vide plate f Mechanics j Fig. 1. 

A whip is one moveable pulley, which increases the power 
without altering the direction. 

Power= J weight (or 2 to I.)— Vide Fig. 2. 

A whip upon whip will afford the same purchase as a 
tackle having a single, and double block, and with much less 
friction. 

A gun tackle consists of two single blocks with fall fixed to 
one, then rove through the other, and then through the first 
Powers} weight (or 2 to 1) : or Power «i weight (or 3 to 1.) 
Vide Fig. 3, and 4. 

Two double blocks are generally used for venr heavy euns. 

A lufftachUf or half watch tackle, consists of one double, and 
one single block : the fall is fixed to the single, then rove throogh 
first sheave of the double, then through sheave of single, and 
lastly through second sheave of double clock. Powers 4 weight 
(3 to 1) : or Power = J weight (4 to 1.) Vide Fia. 5, and 6. 

A runner tackle is the same as a luff tackle, applied to tha 
end of a large rope, called a runner, which is rove through a 
single block attached to a fixed point, or to a bod^ that is to be 
moved, or raised ; the standing ena of the runner bemg secured to 
another point. 

Power is either 6 to 1, or 7 to 1, or 8 to 1. 

A gyn tackle consists of one triple, and one double block : the 

fall is fixed to the double, then rove through first sheave of triple, 

then through first sheave of double, then through second sheave 

of triple, then throueh second ft\ieaN« of double, and lastly throQg^ 

third sheave of triple block. 




J 4 6 



2b carry GvrttS^ 






Heights and distances. 
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Power =i weight (6 to 1): or Power = J- weight (6 to 1.) 
VideFia.l. 

If tne moyeable block of a tackle be strapped with a tail, it 
is called a tail^ or jigger block: and the tackle a tail^ or jigger 
tackle : a block with a hook strapped to it, and attached to a sel- 
vage, answers the same purpose. 

Two double blocks^ with fall fixed to one of them, and then 
rove through the sheaves of both blocks, will either give 
Power = J weight (4 to 1) : or Power = J weight (5 to 1) 
Fig, 8. 

Two triple blocks, with fall fixed to one of them, then rove 
through sheaves of both blocks, will either give Powers J^ weight 
(6 to 1) : or Power=| (7 to 1.) Fig. 9. 

In the system of pulleys {vide plate, Mechanics) the Power 
is shown at the hooks of the moveable blocks, which are to be ap- 
^ed to the bodies, or weights, requiring to be moved, or raised. 
The strain is also shown at the fixed blocKs. 

In Fig. 3, there are three parts of the rope engaged in sup- 
porting the weight — viz., the parts marked 1, 1, 1. Each of them, 
hence, sustains one-third of it, and the fall of the rope to which 
the power is to be attached requires the Power =1, if weight 
s3. The same principle of calculation is applicable to alT systems 
of puUevs, having one fixed block, any number of moveable wheels, 
and a single rope over all the wheels. Hence, in such a system 
of pulleys, ^avity being apijlied, there will be an equilibrium, 
when the weight is as many times the power, as there are portions 
of the rope employed in sustaining the weight. For example^ 
in a system consisting of six moveable sheaves, the same rope 
going over them all, there will be 12 portions of the rope engaged ; 
and to produce an equilibrium the power must be eqmvalent to -j^ 
the weight, no allowance being made for friction. 

From the foregoing observations, and by referring to the 
plate, it will be seen that each tackle has two applications, dif- 
fering in power one from the other ; for example, if the double 
block of a luff tackle is fixed to a weight to be moved, and the 
single block to a picket, or other fastening, Fia. 6, then, if one 
man haul on the ful, the power of four men will be applied to the 
weight ^4 to 1), and the power of three men to the picket ; but if 
the douole block be fixed to the picket, Fia. 5, and the single 
block to the weight, then the force of only three men will be ap- 
plied to the weight (3 to 1), and a power oifour men to the picket, 
or fastening. 

When the moveable block of one tackle is fixed to the fall of 
another tackle, their respective powers are to be multiplied into 
each other for the power of the combination : thus, if one luff 
tackle is fixed to the fall of another luff tackle (the double blocks 
of both tackles being moveable), the power will be 4y.4L«\.^ 
(16 to 1) : in this, the men haul tliTO\i^\i \^ ^fcft\, Vft TCkSS^'ev ^^ 
weight one foot; therefore if the combina.\\ou "\»V3afi"t^^a«.^''QSs5S^ 
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the men haul through 100 feet to move the weight one foot, then 
the power would be 100 to 1. 

The foregoing powers are, however, only true in theory, and 
are, therefore, called theoretical powers : for owing to the great 
friction of the pulleys, the stiffiiess of the ropes, &c., the actoal 
practical powers are far less ; so much so, that with a com- 
oination giving a power of 48 to 1, a 24-pr. ^2} tons weight) 
suspended, can scarcely overhaul the fall, the friction being so very 
great. 

THE INCLINED PLANE. 

The inclined plane forms simply a gradual and sloping in- 
stead of a sudden and perpendicular ascent, by which heavy bodies 
may be raised to certain heights. The power necessary for rusing 
a weight depends on the aifierence between the length of the 
plane, and the height to be ascended. If the height be one-third 
of the length, then one pound will lift three pounds. The force 
with which a rolling body descends on an inclined plane is to the 
force of its absolute gravity, as the height of the plane is to its 
length. 

Parbuckling a gun on skids unites the advantage of one move- 
able pulley with that of the inclined plane. 

Jiule. — As the length of the plane is to its height, so is the 
weight to the power. 

Example. — Required the power necessary to raise 540 lb. up 
an inclined plane, five feet long, and two feet high, 

As5:2::540: 2161b. An$. 

THE WEDGE. 

The wedge may be considered as two equally inclined plaues 
joined together at their bases. It has a great advantage over all 
the other powers, arising from the force of percussion, or blow, with 
which the back is struck ; which is a force incomparably greater 
than any dead weight, or pressure, such as is employed in other 
Machines. The largest masses of timber may by this means be 
riven, and vessels of war, weighing many thousand tons, are lifted 
from their supports by the power of a few men, exerted by blows 
of mallets on wedges inserted for that pm^se. 

The power of the wedge increases in proportion as its 
angle is acute. In tools intended for cutting wood the angle is 
commonly about 30"; for iron from 50" to 60°; and for brass from 
80" to 90^ 

Case 1. — WTten tvjo bodies are forced from one another^ bjf 
means of a wedge^ in a direction paraUd to its back, 

Bute, — As the length of the wedge, is to half its back, or 
head, so is the resistance, ^ tW yyw«t. 

jEJxample. — ^Tbe \iT©«Av\i o\ ^ei\kw?t, «t V%^^\ ^^^«d«, 
beiDg three incbes, aad t\ife \eTi^\io1 «^^«t^\\W^w25a!^,S^ 
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10 inches, required the power necessary to separate two substances, 
inth a force of 150 lb. 

As 10 : li :: 150 : 22^ lb. Ans. 

Case 2. — When only one of the bodies is moveable. 

Bule. — As the length of the wedge, is to its back, or head, 
10 is the resistance, to the power. 

Example. — The breadth, length, and force, the same as in the 
ast example. 

As 10 : 3 :: 150 : 45 lb. Ana. 

THE SCREW. 

The screw is a spiral thread or grooye cnt ronnd a cylinder, 
md eyerywhere making the same angle with the length of it. 
rhe force of a power applied to turn a screw round is to the force 
nth which it presses upward, or downward, setting aside the 
fiction, as the distance between two threads is to the circum- 
erence where the power is applied ; or the adyantage gained is as 
anch as the circumference of a circle described by the handle of 
he winch exceeds the interval, or distance, between the spirals of 
he screw. Hence the force of any machine turned by a screw can 
eadily be computed ; for instance, in a press driyen by a screw, 
Those threads are each a quarter of an inch asunder, and with a 
landle, to turn the screw, four feet long ; then, if the natural force 
f a man, by which he can lift, poll, or draw, be 150 lb., and it is 
equired to determine with what force the screw will press when 
be man turns the Jiandle with his whole force ; the diameter of 
lie handle {power) being 4 feet, or 48 inches, its circumference is 
8 X 3*1416^ or 15C^ nearly ; and the distance of the threads being 
ne-fourth of an inch, therefore the power is to the pressure as 
to (150J X 4)=: 603^, but the power is equal to 150 lb., therefore 
s 1 : 603^ : : 150 : 90480, and consequently the pressure is 
qnal to a weight of 904801b. independent of friction. 

COMPOUND MACHINES. 

Though each of the mechanical powers is capable of oyer- 
oming the greatest possible resistance in theory, yet in practice, 
* used singly for producing yeiy great effects, they would fre- 
aently be so unwieldy and unmanageable as to render it impos- 
ible to apply them. For this reason it is generally found more 
ivantageous to combine them together, by which means the 
ower is more easily appHed, and many other advantages are ob- 
iined. In all the mechanical powers, and their combinations, and 
I all machines, simple as well as compound, what is gained in 
ower is lost in time^ or velocity; and vice versa^ or in other 
ords, the product of the power, and the space through which it 
loyes, is equal to the product of the weight, and the space throMs^ 
hich it moves in the same plane. Suppose lYiatabTii&Ti^V} '*(&!&vti^ 
' a &xed pulley, raises a beam to the top of a Ihoxxbi^ \xi\7«^ tgcosq^a^^ 
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it is clear that he will be able to raise six beams in twelve minutes; 
but by means of a tackle with three lower pulleys, he will raise 
the six beams at once with the same'ease as ne before raised one, 
but then he will be six times as long about it, that is, twehe 
minutes ; thus the work is performed in the same time whether 
the mechanical power is used, or not. But the convenience gained 
by the power is very great ; for if the six beams are joined in one, 
they may be raised by the tackle, though it would be impossible 
to move them by the unassisted strength of one man. No real 
gain of force is obtained by mechanical contrivances ; on the con- 
trary, from friction and other causes, force is always lost ; but bj 
machines a more convenient direction can be given to the moving 
power, and so modify its eneigy as to obtain efiects which it could 
not otherwise produce. 

FBICnON. 

Friction arises from the irregularities of the surfaces which 
move upon one another. The surfaces of bodies of the same nature 
are moved with more facility over each other than those of a dis- 
similar nature. In proportion as the surfaces which are to be 
moved upon one anotner are rough, a greater force is requinte to 
produce motion. The same surfaces when under a greater pressure, 
are subject to still further friction. A double pressure doubles the 
amount of friction, a treble pressure trebles, and so on in nearly 
the same proportion. When surfaces are moving along each other 
in the direction of their ^ains, the friction is greater than when 
the direction of the grains is at right angles. Friction is Httle 
influenced by the velocity with which bodies move upon one 
another. Friction may be diminished in various ways, as will 
appear by the result of the following experiment with a Uock of 
square stone weighing 1080 lb. : — 

1. In order to drag this stone along the floor of a quarry, lb. 

roughly chiselled, it requred a force equal to 758 

2. Over a floor of planks, ditto 653 

3. Placed on a platform of wood, and dragged over a floor of 

planks 606 

4. After soaping the two surfaces of wood, which slide over 

each other .^ 18S 

5. Placed on rollers of three inches diameter, and moved 

along the floor of the quarry.... 34 

6. To drag it on these rollers over a wooden floor 28 

7. Mounted on a wooden platform, and the same rollers 

placed between the platform, and a plank floor 2S 

One of the most remarkable instances of the application of 

rollers is the transport of the rock which now serves as Uie pedestal 

of the equestrian statue of Peter the Great at St. Petersbuic. 

Tills rock is a single block of eranite weighing 1217 tons. A 

railwAy was formed, oonsvKliTvjg o^ V«io \\Ti«a ^ Camber, famished 

witii hard metal grooyea ', aVnmax, vcA c«ct«B^cnl^Bc&%TBfi^ill ^gewfrai 
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were fixed to the under side of the sledge, or frame, on which the 
stone was laid, and between these grooves were placed spheres of 
hard brass, about six inches in diameter. On these spheres the 
frame with its enormous load was easily moved by sixty men 
working at capstans with triple purchase blocks. 

UNGUENT& 

Mr. G. Bennie found, from a mean of experiments, with 
different unguents, on axles in motion, and under different pressures, 
that, with the unguent tallow under a pressure of from 1 to 5 cwt., 
the friction did not exceed ^th of the whole pressure ; when soft 
soap was applied, it became ^th ; and with the softer unguents 
applied, sucn as oil, hog's lard, &c., the ratio of the fricticm to the 
pressure increased ; but with the harder unguents, as soft soap, 
tallow, and anti-attrition composition, the frictioD considerably 
diminished ; consequently, to render an unguent of proper efficiency, 
the nature of the unguent must be measured by the pressure, or 
weight, tending to force the surfaces together. 

TRANSVERSE STRENGTH OP MATERIALS. 

When a beam, of any material, is loaded, the surface in con- 
tact with the load is compressed^ and the opposite surface extended; 
and there is a line between these, which is neither compressed, nor 
extended, called the neutral line. 

If the depth of a beam he doubled, the breadth, and length 
between supports remaining the same, its strength wiU be increased 
four times. 

If its breadth be doubled, the other dimensions being as 
above, its strength unU be doubled. 

"By increasing the distance between the supports of any beam, 
its strength is decreased in the same ratio; twice the distance 
between the supports will weaken the beam one half; half the dis- 
tance between the supports will enable it to bear twice the load.* 

The same beam will bear twice the load, if, instead of 
being concentrated in the middle, it be equally distributed over 
the whole length of the beam. 

If the load on a beam be placed near to one of the supports, 
instead of in the middle, its effect will decrease in the ratio of its 
proximity to the support. 

Let S s represent the beam, W the load or weight in the 
middle, w the weight near s ; then the load which the beam will 
carry at the point where w is placed will be found by the following 
proportion : — 

AsSwxws : SWxWs ::W:w. 



* To ttrengthen a beamy S^c.^ whiek it reqwred to aupport a great weight cnvt 
a eamty, or ditch. — Place a prop, or short skid, ander tVie oeuXx^ ot X^oft \Mf«&^ 
and pass a strong rope, or chidn, over the beam \eI^^^«s%,«cA^)isjl«t^^ 
tkidfiutaUng it veiy tight, and making fiust. 
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A beam, fixed at one end, and loaded at the other, will bear 
half the weieht of one of the same length supported at each end. 

If the end of a heam, instead of being only supported, he fixed, 
its strength will be in the proportion of 3 to 2. 

From the foregoing results it will be seen that the strength 
of a rectangular beam varies, as the hreadth multiplied by the 

depth squared, divided by the length, — ^ — ; and if the breaking 

weight of any material, 1 inch square, and 1 foot long, be found, 
it will represent a constant mtiUiplier for the above equation. 

Thus the breaking weight of a beam of Kiga fir, 1 inch 
square, and 1 foot long [vide following table), is *164 of a ton; 
and, to find the breaking weight of a beam of any other dimensions, 

the rule is simply W=__— x •164. 

Example. — What will be the breaking weight of a beam of 
Biga fir, 8 inches broad, 12 inches deep, and 20 feet long ? 

. ?^ii^=57-6 67-6 x •164=9-44 tons, breaking weight. 

TcibU of Constanta, for beams of different materials, being the 
breaking weights of such beams, 1 inch square, and 1 foot long. 



Riga fir '164 of a ton. 

Bed pine *199 „ 

Pitch pine '242 „ 

Beech "231 

Elm -160 

Ash -301 






From the foregoing rules ^ 



English oak '248 of a ton. 

Canadian do. ... *261 „ 
DaAtzic do. ... *219 „ 

Teak '366 „ 

Cast iron, mean 1*000 „ 
Wrought do. ... 1*083 „ 

Length « -^_ x constant. 



Breadth _ 
Depth -;^ 



IW 



d ' X constant. 



1 W 
b X constant. 



The practical weight that a beam will carry with safety, 
permanently, should only be taken at one-fourth of the above com- 
putations. 

ADHESION OF NAILS, AND SCKEWS. 

The percussive force required to drive the common sixpenny 
nail (73 to the pound) to the depth of an inch and a half into 
deal, with a weight of six pounds and a quarter, is four blows, or 
strokes, faUing freely the space of one foot ; and the steady pres- 
sure to produce ^ the same effect is four hundred pounds. A 
siacpenny nail driven into dry ^\m. to the depth of one inch acnw 
the grain reqtiires a iorceoi ^Tl ^xoi^ XA«sNaMe^\t*^ and the 



PABT XU.] TRIGONOMETBY. 287 

same nail, driven into the same wood endways, or longitudinally, 
can be extracted with a force of 257 pomids. 

To extract a sixpenny nail from a depth of one inch out of 
dry oak requires 507 pounds, and out of dry beech 667 ponnds. 
A sixpenny nail driven two inches into dry oak would require a 
steady force of more than half a ton to extract it. 

A common screw of one-fifth of an inch diameter has an 
adhesive force of about three times that of a sixpenny nail. 

TRIGONOMETRY. 

Plane trigonometry treats of the relations, and calculations 
of the sides, and angles of plane triangles. 

The measure of an anale is an arc of any circle contained 
between the two lines whicn form that angle, the angular point 
being the centre ; and it is estimated by the number of degrees 
contained in that arc. Hence a right angle being measured by a 
quadrant, or quarter of a circle, is an an^le of 90 degrees. 
The sum of the three angles of every triangle is equal to 180 de- 
grees, or two right angles ; therefore, in a right angled triangle, 
taking one of the acute angles from 90 degrees leaves the other 
acute angle ; and the sum of the two angles in any triangle, taken 
from 180 degrees, leaves the third angle ; or one angle being taken 
from 180 degrees leaves the sum of the other two angles. 

Definitions. 

The sine of an arc is the line drawn from one extremity 
of the arc perpendicular to the diameter of the circle which passes 
through the otner extremity. 

The supplement of an arc is the difference, in degrees, be- 
tween the arc, and a semicircle, or 180 degrees. 

The complement of an arc is the difference, in degrees, be- 
tween the arc, and a quadrant, or 90 degrees. 

The tangent of an arc is a line touching the circle in one ex- 
tremity of that arc, continued from thence to meet a line drawn 
from the centre through the other extremity; which last line is 
called the secant of the same arc. 

TJie cosine^ cotanaerU, and cosecant of an arc are the sine, 
tangent, and secant ot the complement of that arc, t?ie co being 
only a contraction of the word complement. 

The sine,tangent, or secant of an angle is the sine, tangent, or 
secant of the arc By which the angle is measured, or of the oegrees, 
&c., in the same arc, or angle, vide also Definitions^ Pbactical 
Geometbt. 

There are tvH) Methods of resolving triangles, or the cases of 
trigonometry — ^viz.. Construction &nd Computation. 

1st method. — The triangle is constructed by making the sides 
from a scale of equal parts, and laying down tne angles from. t\&!^ 
protractor. Then, by measuring the uukno^iTTi "^^xVa Vj ^^ ^vssa. 
scale, the Bolution wiii be obtained. 
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2nd method. — Having stated the terms of the proposition, re- 
solve it like any other proportion, in which a fourth term is to be 
foimd from three given terms, by multiplying the second, and third 
terms together, and dividing the product bj^ the first. 

Note, — Every triangle has six parts — ^viz., three sides, and three 
angles ; and, in every case in trigonometry, there must be given 
three of these ^rts to find the other three. Also of the three 
parts that are given, one of them at least must be a side ; because, 
with the same angles, the sides may be greater, or less, in any 
proportion. 

ComputeUion. 

Case 1. — When a side^ and its opposite angle are tux> of the 
givenparts. 

The sides of any triangle having the same proportion to each 
other, as the sines of their opposite angles, then 

As any one side, is to the sine of its opposite angle ; so is 
any other side, to the sine of its opposite angle. 

To find an angUj begin the proportion with a side, opposite 
to a given angle ; and, to find a side^ begin with an angle opposite 
to a given side. 

Case 2. — When the three sides of a triangle are given^ to find 
the angles. 

Let fall a perpendicular from the greatest angle, on the oppo- 
site side, or base, dividing it into two segments ; and the wnole 
triangle into two right angled triangles : then the proportion will 
be — 

As the base, or sum of the segments, is to the sum of the 
other two sides ; so is the difference oi those sides, to the difference 
of the segment of the bases ; then add half the difference of the 
segments to the half sum, or the half base, for the greater seg- 
ment ; and subtract the same for the less segment. Hence, m 
each of the two right angled triangles, there will be known two 
sides, and the right angle opposite to one of them, consequently 
the other angle will be found by the method in Case 1. 

USEFUL THEOBElfS, AND C0ROLLAB1E8. 

1 . When one line meets another, the angles, which it makes 
on the same side of the other, are together equal to two right 
angles. 

2. All the angles, which can be made at any point (by any 
number of lines), on the same side of a right line, are, when taken 
all together, equal to two right angles : and, as all the angles that 
can be made, on the other side of the line, are also equal to two 
right angles ; therefore all the angles that can be made qmto round 
a point, by any number of lines, are equal to four right anglet. 
Hence also the whole circumference of a circle, being the sum of 
a// the angles that can \>e m&d.^ ^LX^OfUt t\v« centre, is the measure 
of /bur right angles. 
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3. When two lines intersect eaeh other, the opposite angles 
are equal. 

4. When one side of a triangle is produced, or extended, the 
outward angle is equal to the sum of the two inward opposite 
angles. 

5. In any triangle, the sum of all the three angles is eoual to 
two right angles (180"). Hence, if one angle of a triangle be a 
right angle, the sum of the other two angles will be equal to a right 
angle (90"). 

6. In any quadrilateral, the sum of all the four inward angles 
is equal to four right andes. 

7. In any right angled triangle, the square of the hypothenuse 
(or side opposite to the right angle) is equal to the sum of the 
squares of tne other two sides. Therefore, to find the hypoihenuae^ 
add together the squares of the other two sides, and extract the 
square root of that sum : and to find one of the other aideSj sub- 
tract from the square of the hypothenuse the square of the other 
given side, and extract the square root of the remainder for the 
side required. 

Or hypothenuse *» .^ase* + perpendicular* 



Base = -y/(hypoth. + perpend.) x (hypoth. — ^perpend.) 
Perpendiculars v^(hypoth. +ba8e) x (hypoth. — base) 

TBIGONOMBTRY, WITHOUT LOOABITHMB.* 

"In all the more elaborate, and refined operations of tri- 
gonometry, it is not only desirable, but necessary to employ some 
of the larger logarithmic tables, both to save time, and to ensure 
the requisite accuracy in the results. But in the more ordinary 
operations, as in those of common surve3dng, ascertaining inacces- 
sible heights, and distances, reconnoitring, &c., where it is not very 
usual to measure a distance nearer than within about its thou- 
sandth part, or to ascertain an angle nearer than within two or 
three minutes, it is quite a useless labour to aim at greater 
accuracy in a numerical result. Whv compute the length of a line 
to the fourth, or fifth place of decimals, when it must depend upon 
another line, whose accuracy cannot be ensured bevond the unit's 
place ? Or, why compute an anele to seconds, when the instru- 
ment employed does not ensure the angles in the data beyond the 
nearest minute ? In the following Table are brought together the 
naturcd sines, and cosines, to every degree in the quadrant, and 
this table will be found sufficiently extensive, and correct for the 

* In Lleat-Ck)lonel B. Jackson's Scientific Coarse of MiUtttry Sarveyin^ 
&0.» &c., &c., Portable irimmometry m/Ukowt iMmrithmt, is thus introdaced — 

''Tlie foUowing nseral application of Trigonometry, by means of the 
natural sines, tangents, &o., is taken iVom an early number of that valuable 
periodical, *"rhe Mechanics' Magazine," and will be fovucid'^B«3!^\i^a:£S:^ vssX^^ 
to the pui^ses of the militaiy surveyor. 

V 



[fart zu. 

*arioiia practical purposes sboTe Blinded to. The reqniHite pm- 
portions mnst, it is true, be worked by multiplication, and diviacai 
iDstead of by logBjitbms. Yet this b; do meauB involres nicli i 
diaadvontsge as might Beein, at first sight. For when the mea- 
sured lines are expressed b; three, or at most, four figores, th> 
multiplicationB, and divisioDB are performed nearly as qnick, and in 
some cases quicker, than bj logarithma. Then aa to accuracy, 
even in cases whore the computer will have to take preportiaDit 
paiis for the minutes of a degree, the result mar uauially, if not 
tdwa; s, he relied upon to within about a minute.' 



Dae 


Sines. 1 Cosines. 1 


Deg 


Sinsa. 


COUDBS. 




2 


■oocwo 

■01T4S 
■03480 

■06078 
■08718 


l^OOOOO 

■99039 
■99863 

■99819 


90 
86 


2fl 
27 
28 

30 




13S37 
15399 
16917 
■48181 
50000 




89S79 
89101 
8S396 
87463 
86603 


64 
63 

81 




■10463 
•12187 
■13917 
■16613 
■17386 


■99152 
-09355 
■99037 
-98769 
■98481 


81 
80 


31 

S 

Si 
SB 




6150* 

52992 
64164 
66919 
57368 




85717 69 
81S0E 1 68 
83867 67 
82904 6S 
81918 1 66 






■aoTBi 
■22496 

£5Sa2 


■97816 

■e7«7 

■86693 


78 
77 
78 

76 


38 
37 

8 

10 




60181 
8166(1 

B4379 


■80902 51 
■79863 63 
■73801 1 G3 
■77716 ; 51 
-76601 ! 60 






27561 
2B337 

335S7 
31302 


■96128 
■95830 

■81652 
■93960 


it 

71 

70 


4t 

44 
46 




66606 
66913 
18300 

70711 


■75471 
■74314 
■73136 
■71934 
-70711 


19 

18 
17 
16 


32 
28 
21 

as 




86837 
37461 
39073 
40671 
4236B 


■93368 

■92050 
-91366 
■D0631 


Z 

65 












Cosines. 81ne». "Dtg 


\ 


CiHuies. 


Sine.. 


r 
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'' The preceding table is so arranged that for angles not ex- 
ceeding 45 degrees, the sine, and cosine for any nmnber of degrees 
will be found opposite the proposed number in the left hand 
column, and in the column under the appropriate word. When 
the number of degrees in the arc, or angle, exceeds 45 degrees, 
that number must be found in the right hand column, and opposite 
to it in the column indicated bj the appropriate word at the bottom 
of the table. Thus, the sine, and cosme of 36 degrees are '58778 
and '80902 respectively, the radius of the table being unity, or 1. 
The taking of proportional parts for minutes can only be done 
correctly in thode parts of the table where the differences between 
the successive sines, &c., run pretty uniformly. Suppose we want 
the natural sine of 20*" 16'. The sine of 21 degrees is '35837, that 
of 20 degrees is '34202 ; their difference is '1635. This divided 
by 60 gives 2725 for the proportional part due to 1 minute, and 
that again multiplied by 16 gives 436 for the proportional part for 
16 minutes. Hence the simi of '34202 and 436, or '34638, is very 
nearly the sine 20"* 16'. But the operation may often be contracted 
by recollecting that 10 minutes are ^,15 minutes are ^, 40 minutes 
are 7 of a degree, and so on. Observe, also, that for cosines the 
results of the operations for proportional parts are to be deducted 
from the value of the required trigonometrical quantity in the pre- 
ceding degree." 

APPLICATION OF TRICK)NOMP.TBY, WITHOUT LOGARITHliS, 

to the determination of Heights, and Distances. 

Eocample 1. — Having measured a distance of 200 feet in a 
direct honzontal line from the bottom of a steeple, the angle of 
elevation of its top, taken at that distance, was found to be 47" 30', 
from hence it is required to find the height of the steeple ? 

By deducting 47" 30' from 90", the angle opposite the given 
side will be found (42" 30'). 

Then by Ocwe 1. Trigonometry: — 

As 42" 30' : 200 : : 47" 30' : 

Or '67556 : 200 : : '73723 : 208'2, &c., height required. 

By construction — 

The triangle is constructed by making the side from a scale 
of equal parts, and laying down the angles from the protractor. 
Then by measuring the unknown parts by the same scale, the 
solution will be obtained. 

Example 2. — Beine on the side of a river, and requiring the 
distance to a house on the other side, 200 yards were measured in 
a straight line by the side of the river, and at each end of this base 
line the angles with the house were 68" 2' and 73" 15' — ^required 
the distance from each end of the base line to the house ? 

The sum of the given angles (68** ^' -Vl^ Vti^ wsJo\xw*iA'assai. 
180" will give the third angle (38" \Z\ 

u2 



S92 



TmaasKmnar. 



[past zn. 



Tken bj OSMe 1. TRxooKOHSTKr ^— 

AsSSMS' : 200 :: 68*2' 

'62544 : 200 : : '92739 : 296*5 first distance required. 
As as** 43' : 200 : : 73' 15' 

'62544 : 200 : : '95753 : 306*1 second <fi8tance required. 

Similarly to the preceding examples, wsuam, ahd dut ances 
may be raj^iolr (and, for military poiposes^ tofficiently accurately) 
computed in tne field, by means (h tne foregoing tneonometrical 
table, if proper attention is paid to ihe priao$l«s cnr which the on- 
known angles of triangles may be aseertaioed ^ a base line, and 
requisite angle, or angl«i, having been given. 

It will, however, be necessairy to use advantageously th» 
methods in Cases 1, 2 {vide Trigonometry), and also t^ properties 
in the subsequent theorems, and corollaries** 



TabiiB, 

Showing the reduction in feet, and decimals njpon 100 feet^for 
thefoUoioing angles of elevation, and depression. 



Angle. 


Bedaction. 


o / 




a 


0-14 


4 


0-26 


6 


0-38 


6 


0-66 


6 30 


•66 


7 


•76 


7 30 


•86 


8 


•98 


8 30 


1-10 



Angle. 



9 

9 30 

10 

10 30 



Redaction. 



11 
11 

12 




80 





12 30 

13 

13 30 

14 
14 30 



1'22 
1-38 
1-62 
1'68 
1-84 
2K)1 
219 
2-37 
2^5e 
2-77 
2-97 
3'18 



Angle. 



16 
16 30 
10 

16 80 

17 

17 30 

18 

18 30 

19 

19 30 

20 
20 30 



Bedoetkn. 



3-40 
8-64 
3^88 
4^12 
4'87 
4^8 
4-90 
617 
6-4« 
6-74 
6-08 
6-33 



The reduction for 100 feet (from the above table) multiplied by 
the number of times 100 feet measured, will give uie quantity to 
be subtracted from the measured length of an inclinAtion, to re- 
duce it to a horizontal position. 



. * Fbr ftuther infbnnatioti on 8 u r v e yl ngi and Hec euuoitr l mr, n 
^<rakl be made to the highly valued pnbUeatiMit etttMed*'AlSaACi8BO« 

•AflLITABT SvaVBTIHa, IHGLUDtHG SKBYOHIVft IV tUM FlUA, PliidI DkaW- 

ur^ li>vsi,Liiro, Militabt ftacovvoiB&kSci, kxLy** by Lieak-Colooel Baril 
-'ac^son.contafniiur a full account ot even ««tx«lV&«>attrasB«BdL« tad the right 
«<^ptotion of them. 




5v 
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Tablb^ 

Showing the rate of inclination of inclined jdaneSj for the 
following angles of elevation. 



Angle. 


One in 


Angle. 


One in 


Angle. 


One in 


o t 




o / 




o / 




16 


228 


3 30 


17 


7 


8 


30 


114 


3 46 


16 


7 30 


7i 


046 


76 


4 


16 


8 


7 


1 


66 


4 16 


14 


9 


«i 


1 16 


46 


4 30 


18 


10 


6 


1 ao 


S8 


4 46 


12 


11 


5f 


1 46 


32 


6 


Hi 


12 


6i 


2 


28 


6 16 


11 


13 


6 


2 16 


26 


6 30 


m 


14 


^ 


2 90 


23 


6 46 


10 


16 


4i 


2 46 


21 


6 


H 


16 


3i 


3 


19 


6 30 


9 


17 


3i 


3 16 


18 


646 


8i 


18 


H 



HEIGHTS, AND DISTANCES. 

SUBYBTINO, AND KECONNOITBQta. 

The accurate determination of heights, and distances of 
objects being required in various military operations, especially for 
the position of batteries, the following methods for their attain- 
ment will be found useful when the requisite instruments are at 
hand ; by frequent practice, the eye should, however, be enabled 
to determine, nearly, either the height of, or distance from any 
object. 

HEIGHTS. 

1. — BY MEANS OP A " POCKET SEXTANT,** 

to ascertain the height of an object. 

When the sextant is used for taking the height of objects, 
it is to be held vertically, and the quicksilvered part of the horizon 
glass will be on the len hand of tne observer, or on the lefi; part 
of the transparent glass. Altitudes are measured in the same 
manner as horizontal angles, for if we conceive the horizontal 
triangle ABC (vwfo Plate 2, Fig. 2), to be raised on its base A C 
with the angle C next to the observer, then the perpendicular A B 
becomes the height of the object B ; and supposing the object to 
stand on a horizontal plane, then the ground and the object form 
the right anffle at A; therefore, if the object is accessible^ the sex- 
tant need only be set at any of the au^Wtt 'i&fis^o\i<&^ V<^t ^£\aN»!E\K.^^ 
{vide Art. DsaxAMCMa), and waUsk^^ >MMekv«i[^ qa \^<^^^as^ ^^ ^osio^ 
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the top of the object is brought down to the height of the observer's 
eye from the ground, then the distance from where the observer 
stands to the object will be in the same proportion to its height as 
the base was to the distance. Then add the height of the eye 
from the ground, and the height of the object will be ascertained. 
If the object is not accessible, the angle must be taken, and calcu- 
lated by trigonometry. 

2. — ^BY MBANS OF A PORTABLE BABOMETEB, AND THERMOMETBS, 

to ascertain the height of an object. 

Observe the altitude (B) of the mercurial column in inches, 
tenths, and hundredths, at the bottom of the hill, or other object, 
the height of which is roquirod. 

Observe, also, the altitude (b) of the mercurial column at the 
top of the object. Observe the temperature on Fahrenheit's ther- 
mometer at the times of the two barometrical observations, and 

take the mean between them. Then55000x.fr — r — theheie:ht 

Bx b ^ 

of the hill in feet, for the temperature of 55 degrees on Fahrenheit. 
Add TTO" 0^ t^is result for every degree which the mean tempera- 
ture exceeds 55 degrees, and subtract as much for every degree 
below 55 degrees. This will be a good approximation when the 
height of the hill is below 2000 feet. 

3. — BY MEANS OF THE RECONNOITBINa PBOTBACTOB,* 

to measure the height of an inaccessible object. 
[Plate, SuxvsTnre, aitd BBCoioroiTBure, Fig, L] 
Place yourself at a convenient distance from the object whose 
height is required, taking care to have a good base line for the 
second station. Hold the protractor vertically, with a steady hand, 
the tube side uppermost, and bring the top of the object in a line 
with the centre of the tube. Allow the arm (or index) to vibrate 
freely, and, when steadv, note the angular height of the object 
(shown bv the edge of the index on the marginal scale of degrees). 
By the aid of points taken through the tube, or by pickets, then 
pace, or measure a base in a direct line from the object ; and, 



* 1. The Reconnoitring Protractor is not intended to nipplj the place of 
the Theodolite, or other expensive instmments, when very neat accuracy if 
requir^ in surveying, or in trigonometrical observations ; out, in the hands 
of officers accustomed to the use of it, bearings may be rapidly taken, hd|H>ta, 
and distances ascertained, roads traversed, oc, ^., with sufficient aocnracj 
for a military survey, or reeonnolssance. 

The protractor has a tripod, on which it is to be steadily fixed Ibr taking 
angles, &c.; but the instrument can nevertheless be used without tfa« tripod; 
and mounted officers may, after a little practice, make a reconnoistanoe with 
the protractor alone, especially if they are able to measure^ or calculate the 
distance ot base lines, by the letv^Yi ot IVva laoces of their horses. 

2. A survey, Ac., may b© vctn t%pV«V3\si*wvVcv>atife^i^^VsUiqflu« drawing* 
psper on the fiioe of the pEotrMM(K,\m!d«{t V^kAtiax^^sa^ «a^%:^m% \k.txa&^ 



PAET xil] heights. 295 

when arrived at the second station, again note the angular height 
of the object. 

Construction — 
Set o£f the angles, and draw the respective lines, which, hj 
their intersection, will determine the height of the perpendicular, 
to which the height of the protractor above the ground must be 
added for the altitude of the object. Bv using the scale of the 
measured base line, the height required will be ascertained, or it 
may be calculated by " Trigonometry, without LOOARrrHMS. — 
Page 291. 

To measure the height of an accessible object. 
[Plate^ SuRVSTiire, akd Bbcowkoitbikg, Fig. 2.] 

At an appropriate distance from the object, take its angular 
height, and measure the distance to its base. 

Construction — 
Draw a line representing this distance, at one end of which 
draw another line at the angle found, and at the other erect a per- 
pendicular ; the intersection of these lines will determine the alti- 
tude of the object. 

To mecisure the vertical height of a hiU, or mountain. 
{_F^. 3, PUUef SxmYitYiJKe'AJsrD Rbcokkoitsikg.] 

From a station a short distance from the hill, take, and note 
down its angular height ; then select a rear position for a base line, 
using the tube of the protractor to insure a straight direction ; pro- 
ceed to the requisite distance on the base, and again note the alti- 
tude of the hill. 

Construction — 
The intersection of lines drawn from each end of the base line, 
at the angles found, will determine the altitude ; the perpendicular 
height of which, added to that of the protractor above the ground, 
will give the altitude required. 

To measure the altitude of a tower^ ^c, on a height. 
[Fig. 4, Plate^ SuKVBTiiro, utd Bbcokkoitkiko.] 
From the first station, near the base, take the altitude of the 
hill, and also that of the tower above it, and note down these 



by means of drawing pins in the sides, and using, at the first station, the edge 
of the index as a ruler to set off on the paper, at once, by observation through 
the sights, the angles of the objects whose distance is required; drawing a 
base hne parallel to the tube side of the instrument, and also lines at the 
angles found. At the second station, the paper must be moved a few inches, 
for a base line to be drawn ; at the termination of which (the second station) 
the index is to be directed to the objects, as before, and lines are to be pro- 
duced until they intersect those drawn at the first station : thus the position 
of the objects will be obtained; and, by using the sc^e on the index for the 
length drawn for the measured base line, as well as for the lines directed tA 
the objects, their respective distances will be ascertaiived. 

3. The reconnoitring protractor, and aW ol\veT m«itraTOS!iv\» Vst «QSN«tEB.%, 
Ac, Ac,, can be readily obtained at Messrs. El^fiA^t ^ %\x«xm^\j«o^ski. 
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angles; proceed to another station in a straiglit line with the 
former one, meamiring its length, and again observe the angular 
height of the hill, and also that of the top of the tower. 

Similarly to the above described mode, aacertainf first, the 
height of the hill; second, the height of the hUl, and tower; 
deduct the first calculation from the second, wluch will leave 
the height of the tower. 

In all the foregoing cases the heights may be correctly ascer- 
tained by trigouometii'.;al calculations {mde TucK>HOifETBT, 
wrrHOUT LOOARrrHMS, page 289). 

4. — Br THX SHADOW OF THE OBJECT, 

to oicertain the height. 

8et up vertically a staff of known length, and measure the 
length of its shadow upon a horizontal, or other plane ; measure 
alHO the length of the shadow of the object of which the altitude is 
required. Then, by the property of similar triangles, 
As the length of the shadow of the staff 

is to the altitude of the staff, 
so is the length of the shadow of the object 
to the altitude of the object. 

5. — ^WHEH THERE IS HO SHADOW, 

to asceritUn the height. 

Place a staff (equal in length to the height of the observer's 
eye) vertically at such a distance from the toot of the required 
altitude, that the observer, having laid himself upon his back, with 
his feet against the bottom of the stick, may see the top of the 
staff, and object in the same line. Then, by similar triangles, the 
height may be readily ascertained. 

6. — ^BY MEAHB OF THE TAHOEHT SCALE OF A OUK, 

to ascertain the height of an object, the distance being known. 

Lay the gun for the top of the object the height of which is 
required, then raise the tangent scale until the top of it, and the 
notch on the muzzle are in line with the bottom of the object: 
then, by similar triangles. 
As the length of the gun 

is to the length of the raised part of the tangent scale, 
so is the distance from the gun to the object, 
to the height required. 

7. — ^BT MEAHS OF TWO PICKETS, 

to ascertain the height of an object. 

IVide ^nd Plate, Hsiohts, aitd Distakgbs, Fig. 1.] 

Let two pickets C D (4feetV E F (6 feet), be placed with 
their bases in the line C A ^^aaaVufi; ^Smom^ K >iW\ksswi^\. \^«ij\\TCd^ 
aukd moYe them nearer to, oxfexliiiftT iroxa. ^aftV ^\JsMKt,>s5sjuiLSiQ& 
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summit B of the object is seen in the same line as D, and F, the 
tops of the rods, llien, bj the principles of similar triangles, 

A8DH(=CE) : FH :: DG(-CA) : BG. 
To which add A a=C D for the whole height A B. 

Thus, supposingCE to be Gfeet, FH 2 feet, and C A 150 
feet, the proportion will be, 

As 6 : 2 : : 150 : 50 feet. 

Then 50 +C D will be the altitude required. 

DISTANCES. 

1. — BY MEAHS OF A POCKET SEXTAirr, 

to measure inacceasible distances. 

When used for taking the distance of objects, the sextant is to 
be held horizontally, and the quicksilvered part of the glass will be 
uppermost, or above the transparent part. 

To ascertain the distance A B (vide Plate 2, Fig. 2), obtain, 
by observation, the direction A C perpendicular to A B, which is 
tnus performed : — Set the instrument at 90"*, and place yourself at 
the point A, with your right towards the point B ; then look 
through the sextant, and direct a picket to be placed in the line 
AC at 100 yards, or feet, from you, so that the point B will 
appear right above it. Then set the sextant at 45°, and walk 
along the line towards C until you brin^ the points A, and B to 
coincide ; the base, and perpendicular will then oe of equal length, 
and A C being known, or measured, the distance A B will also be 
ascertained. But if you cannot walk far enough to find angle C 
45*, find it equal to 63° 26', and then AC=i AB; at 71* 34' 
=i AB, at 75*58'=i AB; at 78* 41'«i AB; at 80*32' 
=JAB; at 82* 52'= J AB; and at 84*17' the distance will 
be^VAB. 

Should the object be far distant, it will be necessary to take a 
long base, and the side A B must be calculated, therefore, by tri- 
gonometry. 

2. — ^BY MEANS OF THE PBI8MATIC COHPAB8, 

to measure iruuxessiUe distances. 

Having fixed the instrument to the stand, place it over the 

«tation-point, spreading the legs so as to give sufficient firmness, 

and observing that the card is level enough to allow it to play 

&eely ; raise the prism by means of the slide, tmtil the divisions 

of the compass-card are distinctly seen; then look through the 

slit, and turn the box round until the thread bisects the object 

^^-hose distance is required ; allow the card to settle, and the 

<J.ivision on it, which coincides with the thread of the vane^ will b^ 

tlie azimuth, or bearing of the object, tccVlotvc^ ^totq. ^^ \ssst'*^x^ «t 

^onth point of the needle, when liic cstrd ia diV\^'6^ vi^ft ^wSs» ^^^ 
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degrees. The angular distance between any two objects will, of 
course, be the di^rence of their bearings ; thus, suppose one to 
bear 15" N.E., and the other 165** S.E., the angular distance be- 
tween them will be 150 degrees. 

In military sketching, the compass is often supported merely 
by the hands, using the little spring to check the vibrations of 
the card. In windy weather, the mean of these vibrations must 
be taken for the bearing sought. 

The directions for surveyine, &c., &c., by means of " The 
Reconnoitring Protractor," apply similarly to the "Prismatic 
Compass." 

3. BY MEANS OP " THE EECONNOITRINO PBOTRACTOE," 

to ascertain the distance from inaccessible objects. 
[Plate, SuBVBTiKO, aitd Bbcokkoitbiko, Fig. 6.] 
Select a sood position for a base line ; fix the protractor on 
the tripod at tne first station, placing the instrument in a direct 
line between the first station, and the point selected for the second 
station. Direct the index consecutively at the objects, the rela- 
tive distances of which are to be ascertained, and note correctly 
their respective angles. When the object is above the horizontal 
line, the sliding-sight must be sufficiently raised to take its bear- 
ing ; and, should the object be below the level of the protractor, 
its angle mav be taken by observation through the upper holes 
of the near sight ; or the feet of the tripod may be adjusted, by 
raising, or sinking them in the ground, so that the index may be 
correctly directed to the object. Then proceed to the second 
station, measuring, or carefully pacing the base line, at the end 
of which fix the protractor in a straight line between the two 
stations ; direct the index at the objects previously noted at the 
first station, taking their respective angles as before. 

Construction. 

Draw the base of the length required, according to the scale ; 
from each end of which set off the angles found, and draw the lines 
required ; the intersection of these will determine the position of 
the several objects, and their relative distances may be ascertained 
by measurement on the scale of the base line ; or they may be 
calculated trigonometrically. 

4. — BY MEANS OP TWO PICKETS, 

to ascertain the distance from an object. 

Take two pickets of unequal lengths, drive the shortest into 
the ground, say close to the edge of a river ; measure some paces 
back from it, and drive in the other, till you find, by looking over 
the tops of both, that your sight cuts the opposite bank. Pull up 
the first picket, measure the same distance from the second in 
any direction the most YiomouVaX, wad. drive it as deep in the 
ground as before. Then, \S youWVasw ^«ivsi«!^yus^«s^^^\MArve 
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where the line of sight falls, or terminates, joa will have the dis- 
tance required. Tms method is only applicable to short distances. 

5. — To ascertain the distance of the object A fr&m B. 

[Vide PlaU% Fig. Z,'\ 

Place a picket at B, and another at C at a few yards distance, 
making A B C a right angle, or B C perpendicular to A B.* 
Divide B C into 4, 5, or any number of equal parts, make another 
similar angle at G in a direction from the object, and walk along 
the line C D until ^ou bring yourself in a line with the object A, 
and any of the divisions (say 0) of the line B C. Then (having 
measured CD)a8C0:CD::B0:BA. 

Or, as 10 : 63 : : 30 ; 169 yards. 

6. — To find the distance between two objects ^ C, and D. 

[Vide Plate 2, JBig. 4.] 
From any point A, taken in the line C D, erect the perpendi- 
cular A E, in wnich set off from A to E 40 yards, set off from E to 
G in the prolongation A E 10 yards, at G raise the perpendicular 
G F, and produce it towards I, plant pickets at E, and G, then 
move with another picket on G F, till F is in a line with E and 
D ; and on the prolongation of the perpendicidar F G place 
another picket at I in the line with E, and C: measure F I 
then — 

asGE : AE :: FI : CD; 

Or, as 10 : 64 : : 40 : 216 yards. 

7. — To find the inaccessible lengthy A, B, of the front of a 

fortification. 
[Plate 2. Fig. 6.] 

Plant a picket at C, from whence both points may be seen ; 
find the lengths C A, C B (by the method in No. 6) ; make C E 
one fourth, or any part of C B, and make C D bear the same pro- 
portion to C A : measure D E ; then 

asCD:DE::CA:AB. 

Nearly in the same manner the distance from B to A may be 
ascertained, when the point B is accessible ; for having measured 
the line C B, and made the angle C E D equal to C B A, the 
proportion will beasCE:DE:: CB:BA. 

8. — ^BY MEANS OP THE TANGENT SCALE OP A GUN, 

to ascertain the distance^ the height of the object at the required 

distance being knoton. 

Lay the gun by the line of metal for the top of the object; 
then raise the tangent scale till the top of it and tne notch on the 



* To eiieot A peipendioolar, vide " Piiic^iefli QAKniue^^ 
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mnzzle are in line with ibe foot of the ol^eet, and note wkat 
length of scale ia required. 

Then, — ^by similar triangles — 

As the length of the raised part of the tangent scale 

is to the length of the gun ; 
•0 is the height of the distant object 
to the distance required. 

Thus, supposing the height of the object to be 9 fee^ the 
length of that part of the tangent scale which is raised, 3 inchesi 
and of the gun 6 feet, the proportion will be — 

As 3 : 72 : : 108 : 2592 inches, or 216 feet 

9. — ^BT MEANS OF THE PEAK OP A CAP, 

to measure ibe breadth of a river. 

Place yourself at the edge oi one bank, and lower the peak of 
your cap till you find the edge of it cut the other bank, then tteady 
your head by placing your hand under your chin, and turn round 
gently to some leyel spot of ground on your side of the river, 
and obserye where your eyes, and the edge of the peak again meet 
the ground ; measure the distance, which will be n^airly tke 
breadth of the river. 



10. — BY THE KEPORT OF FUCE-ABMS, TO ASCEKTAIH THE DIS- 
TANCE OP ANY OBJECT, vidc SooND, page 301. 

BY MEANS OF THE BECONNOrTBlNG PROTSACTOB, 

to traverse roads. 
[Flatef SmtTXTuro, ajtd 'Batoomonxa^t, Wig. 6.] 
Fix the protractor on the tripod at the first station, placing 
it so that the side tube may be in a direct line with the intended 
second station. From each end of the tube observe the objects 
in sight (or place pickets) in order to secure a straijght line in 
pacing, or measuring, from the first to the second station, llark 
the distance between the stations, and place the protractor, by 
means of the tube, in a direct line with the first station. Then 
select the third station, and direct the arm, or index correctly to 
it (using the upper holes of the near sight for a declivity, or raising 
the sliding sight for an ascent) ; note the angle thus found, and 
notice the objects in front, and rear (if any, if not, place pickets) 
for points to enable you to pace towards, and work with accuracy 
at the third station. Select station 4, place the tube in line with 
the third, and second stations ; note the bearing of No. 4, and pace 
the distance to it. Proceed thus from station, to station, entering 
the angles, and distances in your note book, as well as the ofisetn 
(which must also be carefully measured) from the lines taken, 
until the survey is completed. 

Constrtiction — 
The da/« work wiH \» e»»^ir l^'tt*^ «»'\W«-»'^1 ^fcNSdaj^ off 
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tlie angleft founds and drafwtng^ lines for the measured diataaoesi 
according to scale* 

sotim). 

The movement commonicated to the particles of air hj the 
vibrations of a sonorous body is the cause of the sensation of 
sound ; and it is because the particles are driven from the point 
of vibration in every direction, as from a centre, that the sound is 
perceived at once, everywhere within the surface of a sphere of a 
certain extent. 

The velocity of sound ; or the space through which it is pro- 
pagate in a given time, has been differently estimated by authors 
who have written on this subject. Boberval states it to oe at the 
rate of 560 feet in a second ; Gkissendus at 1473 ; Mersenne at 
1474; Duhamel at 1338; Newton at 960; Derham, in whose 
measure Flamstead and Hulley acquiesce, at 1142. By accounts 
in the Memoirs of the Royal Academy of Sciences, at Paris, 1738, 
where cannon were fired at various distances, under many varieties 
of weather, wind, and other circumstances, and where the measures 
of the different places had been settled with ihe utmost exactness, 
it was found that sound was propagated, on a medium, at the 
rate of 1038 French feet in a second of time, which is equivalent 
to 1107 EngWtk feet^ the Frenth foot being* in proportion to the 
£nglish as 15 to 16. 

From various experiments made with great care by Dr. 0. 
GJrecory, it has been found that sound flies through the air uni- 
fonmy at the rate of about 1100 feet per second, when the air is 
quiescent, and at a medium temperature. At the temperature of 
freezing, or a little below, the velocity is about 1120. The ap- 
proximate velocities under different temperatures may be found 
by adding to 1100 half a foot for every degree cm Fahrenheit's 
thermometer above tbie fi:eezing point. The mean velocity may 
be taken at 370 yards per second, or a mile in 4^ second* Hence, 
multiplying any time employed by sound in moving by 370, will 
give the corresponding space in yards, or dividing any space in 
yards by 370 will give the time which sound will occupy in passing 
uniformly over that space. If the wind blow briskly, as at the 
rate of from 20 to 60 feet per second, in the direction in which 
the sound moves, the velocity of the sound will be proportionally 
augmented ; if tne direction of the wind is opposed to that of the 
sound, the difference of their velocities must be employed. The 
velocity of sound is not affected by its intensity, the smallest 
sound moving as rapidly as the loudest. 

To ascertain, the distance of any object by the report of fire arms. 

(* Vide 10. Page 300.) 

Multiply the number of seconda wVaoVv ^^u^ \s«i\;w^<s^ '^'^ 
time of seeing the ilash, and hearing ^Snie tc^t\. Adtj Wft^^^sA'^'Si 
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product will \)e the distance in feet, with snfficient accuracy for 
ordinary purposes. If greater accuracy be reauired, this rule must 
be modified, on account of the Telocity, and direction of the wind, 
and state of the thermometer. 

Sound will he louder in proportion to the condensation of the 
air. Water is one of the greatest conductors of sound ; it can be 
heard on water nearly twice as far as upon land. 



GRAVITY. 

Gravitv is downward pressure, or weight, being the natand 
tendency of all bodies towards the centre of the earth. ( Vide 
Gravity ^ Motion, Forces. Paae 306.J 

Absolute gravity denotes tne whole force with which a body 
tends downwaras, as when the body is in empty space. 

Specific gravity denotes the relative, or comparative gravity 
of any body, in respect to that of another body of equal bulk, or 
magnitude. 

Centre of gravity is that point in a body, or system of bodies, 
on which, if rested, or suspended, the whole would remain in a state 
of equilibrium about that point. 

The centre of gravity of a circle, regular polygon, prism, 
cylinder, or sphere, is in its centre. 

The centre of gravity^ of a triangle is found by bisecting any 
two of its sides, ana drawing lines from the points of bisection to 
the opposite angles ; the intersection of these lines will be the 
centre of gravity. 

Force of gravity ^ or aravitation^ is an accelerated velocity, 
which bodies acquire in falung freely from a state of rest. 

1. The space through which a body will fall in feet, in any 

given time, equals the product of the square of the time 
multiplied by 160833. 

Example. — Required the space a falling bodj will pass 
through in five seconds ? 

16-0833 X 25=412-0825 feet. 

2. The velocity in feet, which a body in descending freely 

will acqmre in a given time, equals the product of the 
time in seconds mmtiplied by 32*1666. 

Example, — ^What is the velocity acquired at the end of seven 
seconds ? 

321666X 7=2251662 feet 

3. The velocity in feet ]jer second that a body will acquire, in 

falling through a given space, equals the square root of 
the product of the tame mxAA^^e^M ^'3833. 
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Example. — The space through which a hody has fallen is 201 
feet ; required its velocity at the end of the fall ? 

64-3333 X 201 « yl2931 = 1137 feet. 



SPECIFIC GRAVmES OF BBYERAI. SOLID, AJXD FLUID BODIES. 



Air,* in a mean state 

Brass, cast 

Brick 

Coal* 



Copjpei 
Cork.., 



Cor 

Clay 

Earth, common 

Flint 

Grold, standard 

Gun metal 

Gunpowder — solid ... 
„ loose ... 

Granite 

Iron, cast 

Lead 



1-232 

8000 

2000 

1260 

9000 
240 

2160 

1984 

2570 
18888 

8784 

1745 
868 

3000 

7425 
11325 



Pitch 1150 

Sand* 1520 

Silver, standard 10535 

Steel 7850 

Stone, common 2520 

Tin 7320 

Water, rain 1000 

* sea 1030 

Wood— alder 800 

ash, the trunk ... 845 

Deecu ............... oOa 

elm, and larch ... 540 

fir, Riga, & maple 750 

pine, pitch & red 660 

oak 950 

walnut 671 



These numbers represent the weight of a cubic foot (or 1728 
cubic inches) of each of the bodies in ounces (avoirdupois). 

To find the mctgnitvde of any hody from its weight. 

As the tabular specific gravity of the body 
is to its weight in avoirdupois ounces ; 

so is one cubic foot (or 1728 cubic inches) 
to its content in feet, or inches, respectively. 

To find the weight of a hody f from its magnitude. 

As one cubic foot (1728 cubic inches) 

is to the content of the body ; 
so is its tabular specific gravity 

to the weight of the body. 



* 3 inch cube ftill of air floats 1 lb. in water. 
8 inch cabe of water weighs 1 lb. in air. 
1 cubic foot of water weighs 641b. in air. 
1 ditto coal ditto 80— 64= 16 in water. 
1 ditto sand ditto 9&— 64=31 hi water. 
A suit of clothes and a pair of boots, which wei^hi 1 \SEk.\:^ ^^-^C^sbol^^S^ 
satorated with water, onlj weigh in watoc lib. 
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To find the tpecifie gravity of a hody* 

1. — When the body is heaoier than toater. 

Weigh it both in water, and out of water, and take the 
difference : 

Then, — As the weight lost in water 

is to the whole or absolute weight ; 
so is the specific gravity of water 
to the specific gravity of the body. 

2. — When the body i$ lighter than water ^ so that it will not 
sink, annex to it another body neavier than water, so that the man 
compounded of the two may sink together. Weigh the denser 
body, and the compound mass separately, both in water, and oat 
of it ; then find how much each loses in water, by subtracting its 
weight in water from its weight in air ; and subtract the less of 
these remainders from the greater. 

Then, — ^As the last remainder 

is to the weight of the light body in air ; 
so is the specific gravity ofwater 
to the specific gravity of the body. 

3. — For a fluid of any tort. 

Take a piece of a body of known specific gravity, wei^h it 
both in, and out of the fluid, finding the loss of weight by tiudng 
the difference of the two : 

Then, — ^As the whole or absolute weight 
is to the loss of weight ; 
so is the specific gravity of the solid 
to the specific gravity of the fluid. 

To find the qtuintities of two ingredients in a given compound. 

Take the three differences of every pair of the three specific 
gravities, namely, the specific gravities of the compound, ana each 
ingredient, and multiply each specific gravity by the difference of 
the other two : 

Then, — ^As the greatest product 

is to the whole weight of the compound ; 
so is each of the other two product-s 
to the weights of the two ingredients. 

To find the diameter of any small sphere^ or gHobule, whose 
specific gravity is given (or can he found in the TaUe) tmd 
weight hnoum. 

Pivide its weight in grains by the number expressing its spe- 
cific gravity ; extract the c\i\>« to(A. ol VJoi^ Quotient, and muhi]^/ 
it by 1'9612 for the ^ameteT. 
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WBIOHT OP A CUBIC FOOT OP THE FOLLOWING MATERIALS, 

in pounds. 



Ash 49 

Beech 43 

Birch 49 

Box 60 

Cork 15 

Elm 36 

Fir 30 

Mahogany, Spanish 50 

Pine, red 41 

Teak 41 

Walnut 41 

Coke 46 

Clay 125 

Earth, loose 95 

By means of the foregoing table, the weight of any quantity 
of the materials specified (m cubic feet) may readily be found. 



Gravel 120 

Granite 166 

Brick, common 98 

Chalk 145 

Coal, Newcastle 78 

Antimony 418 

Brass, cast 525 

Copper 538 

Gold, pure 1203 

Iron, cast, variable 444 

Lead 717 

Silver, standard 644 

Tin 455 



MOTION, FORCES, &c. 

Body is the mass or quantity^ of matter in any material sub- 
stance, and it is always proportional to its weight, or gravity, 
whatever its figure may be. 

Density is the proportional weight, or quantity of matter in 
any body. 

Vdocityf or celerity^ is an affection of motion by which a body 
passes over a certain space in a certain time. 

Momentum^ or quamtity of motion^ is the power, or force, in 
moving bodies. 

Force is a power exerted on a body to move it, or to stop it. 
If the force act constantly, it is a permanent force^ like pressure, 
or the force of gravity; but if it act instantisineously, or for an 
imperceptibly short time, it is called impulse^ or percussion^ like 
the smart blow of a hammer. 

A motive^ or moving force^ is the power of an agent to pro- 
duce motion. 

AcceUrative^ or retardative force, is that which affects the 
velocity only, or it is that by which the velocity is accelerated, or 
retarded. 

The change, or alteration of motion by any external force, is 
always proportional to that force, and in the direction of the right 
line m which it acts. 

If a body he projected in free space, either parallel to the 
horizon, or in an oblique direction, by the force of gun^^dax^ ^x 
any other impulse : it will, by this mot\oii, Vo. c.o\\^\s5iOaa\v^w&a."^^ 
action of gravity, describe the curve \me oi «• ^«t«JoOia.. 

X 
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A parahola is the section formed by cutting a cone, with a 
plane, parallel to the side of the cone. 

Gravity {vide page 302) is a force of such a nature that all 
bodies, whether light, or heavy, fall perpendicularly through equal 
spaces in the same time, abstracting the resistance of the air, as 
lead, and a feather, which, in an exhausted receiver, fall from the 
top to the bottom in the same time. The velocities acquired by 
descending, are in the exact proportion of the times of descent, and 
the spaces descended are proportional to the squares of the times, 
and, therefore, to the squares of the velocities. Hence, then, it 
follows that the weights, or gravities of bodies near the surface of 
the earth are proportional to the quantities of matter contained in 
them; and that the spaces, times, and velocities generated by 
gravity, have the relations contained in the three general propor- 
tions before laid down. 

A body in the latitude of London falls nearly 16A- feet in the 
first secona of time, and consequently, at the end of that time, it 
has acquired a velocity double, or of 32^ feet. 

The times being as the velocities, and the spaces as the 
squares of either ; therefore, 

if the times be as the Nos 

1, 2, 3, 4, 5, 6, 7, 8, 9, 10; 
the velocities will also be as 

1, 2, 3, 4, 5, 6, 7, 8, 9, 10; 
and the spaces as their squares 

1, 4, 9, 16, 25, 36, 49, 64, 81, 100; 
and the spaces for each time, 

1, 3, 5, 7, 9, 11, 13, 15, 17, 19. 

Namely, as the series of the odd numbers, which are the 
differences of the squares denoting the whole spaces. So that if 
the first series of natural numbers be seconds of time, 

namely : the times in seconds ... 12 3 
the velocities in feet will be ... 32^ 64} 9 




the spaces in the whole times ... 16^ 644 1 _ 

and the space for each second... 16-^ 48| 80^ ^12^, &c. 

of which spaces the common difference is 32 } feet, the natural 
and obvious measure of the force of gravity. 

Thus, a body falling from a state of rest acquires a velocity 
to pass throusfh 9 spaces in the fifth second of time ; 7 in the 
fourth ; 5 in the third ; 3 in the second ; and 1 in the first. Thus, 
it is 9 + 7+6 + 3 + 1 = 26, which shows that the whole spaces 
passed through in 5 seconds equal the square of 5. 

The momentum^ or force, of a body falling through the 
atmosphere is the mass or weight, multiplied by the square root 
of the neight it baa falku thtovi^h, multiplied by 8*021 . 

Suppose a weigbt oi \^ \«i!i& \ft \» \w«»,^ Q feet, and 
to drop thence suddenVy ou «b \iTv^^\ ^^ ^assvass^xjaa. >^ 
JO X (3 X 8-021) = 240*6^ tons. tWX. \%, «. ^«^gs*. ^^ V^ \kq.v>»^ 
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falling, would exert as great a strain to break down the bridge, as 
the pressure of 240*63 tons of dead weight. 

Thus, a one-ounce ball falling from a height of 400 feet, 
would strike the earth with a momentum of 

oz. feet. oz. lb. 

1 X (20 X 8-021) = 160-42 = 10026. 

By experiments to ascertain the effect of Camot*s vertical 
fire, it was found that 4-oz. balls only penetrated -^ of an inch 
into deal board, and from 2 to 3 inches into meadow ground. 

Amplitude signifies the range of a projectile, or the right 
line upon the ground, subtending the curvilinear path in which it 
moves. 

The time of flight of different shot, and shells is equal to the 
time a heavy body takes to descend freely from the highest point 
described by the curve of the projectile. 

Tofirid the time of descent: 

Divide the given height, or altitude, by 16xV) ^^^ the square 
root of the quotient will be the time required. Thus, if the 
altitude is 1200 feet, and the time of descent is required, 

1200-7-16^ = 74-61, the square root of which is 8*637, the 
time required. 

When a body is projected vertically doumwards with a given 
velocity, the space described is equal to the time multiplied by 
the velocity, together with the product of IQtj ^7 *^® square of 
the time ; nut, if the body is projected upwards^ the latter product 
must be subtracted from the former. 

PRACTICAL GEOMETRY. 

DEPINITIOHS.* 

A line is perpendicular to another when it inclines not more 
on the one side than on the other, the angles on both sides being 
equal. 

ParaUd lines are those which have no inclination to each 
other, being everywhere equi-distant, however far produced, or 
extended. 

An angle is the inclination, or opening of two lines, which 
meet in a point called the vertex^ or angular point : and the two 
lines are called the legs^ or sides of the angle. 

The measure of an angle is estimated by the number of 
degrees contained in the arc between its two legs. 

A rectilinear angle has its legs or sides, rigkt^ or straight 
lines. 

A curvilinear angle has its legs curves. 

A right angle is formed by one line perpendicular to another ; 
the measure of which is an arc of 90". 

An acute angle is less than a right angle^ or t.\i«s\.^*' . 

X2 
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An obtuse angle is greater tban a right anele. 

An oblique angle may be either acute, or obtuse. 

The circumference, or periphery of a cirde is the curved 
Hue which bounds it, hieing everywhere equally distant from the 
centre. The circumference is supposed to be divided into 360 
degrees (marked thus ") ; each degree into 60 minutes, each 
minute (') into 60 seconds {"). 

An arc is any part of the circumference of a circle. 

A chords or stAtense, is a right line joining the extremities 
of an arc. 

The radius of a circle is a right line drawn from the centre 
to the circumference. 

The diameter of a circle is a right line drawn through the 
centre, and terminated by the circumference. 

A semi-circle (180") is that part of a circle which is contained 
between the diameter, and half the circumference. 

A quadrant is the fourth part of a circle, being contained 
between two radii, and an arc of 90". 

A segment is that part of a circle which is cut off by a chord. 

A sector is that part of a circle contained between two radii, 
and an arc. 

A secant is a line which cuts a circle, lying partly within, 
and partly without it. 

A tangent is a line which touches a circle, or curve, without 
cutting it. 

The point of contact is where a tangent touches an arc. 

Triangles are figures having three sides, and three angles. 

An equilateral triangle has its three sides equal. 

An isosceles triangle has only two equal sides. 

A scalene triangle has all its sides unequal. 

A rectangular f or right-angled triangle has one of its angles 
a right one, or 90" : and the square of the side opposite the right 
angle is equal to the sum of the squares of the sides containing 
that angle ; hence a triangle, having its sides proportional to the 
numbers 3, 4, 6, will be right-angled. 

The hypothenv^e is the side opposite the right angle in a 
rectangular triangle. 

An obtuse-angled triangle has one of its angles obtuse. 

An acute-angled triangle has all its angles acute. 

The three angles of any triangle, taken together, are equal 
to two nght angles, or 180". 

The difference of the squares of two tides of a triangle is 
equal to the product of their sum, and difference. 

I he sides of a triangle are proportional to the sines of their 
opposite angles. 

bf fou^^tht'& "^ quadrilateraU, are plane figures bounded 

.V- .r^^ *2''*?';« is a quadri\alwa\ Wyixy^ tiSJ^Wa ^vdfti^ ^<^ual, and all 
Its angles nght angles. TU diagoudl of oi %qy«rt\a^«^\ft W^ 
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square root of twice the square of its sides : and the side of the 
square is equal to the square root of half the square of its 
diagonal. 

The diagonid is a right line drawn across a quadrilateral 
figure, from one angle to another. The sum of the squares of the 
two diagonals of every parallelogram is equal to the sum of the 
squares of the four siaes. 

AparaUelogram is a quadrilateral, whose opposite sides are 
parallel. 

A rectangle is a parallelogram having four right angles. 

A rhomboid is an ohlique-angled parallelogram. 

A rhombtiSy or lozenge^ is a quadrilateral, whose sides are all 
equal, hut its angles ohlique. 

A trapezium is a quadrilateral, which has none of its sides 
parallel to each other. 

A trapezoid is a quadrilateral, which has only two of its sides 
parallel. 

Polygons are plane figures hounded hy more than four sides. 

A regular polygon has all its sides, and angles equal. 

The perimeter of a figure is the sum of all its sides. 

To bisect — ^is to divide into two equal parts. 

To trisect — ^is to divide into three equal parts . 

To inscribe — ^is to draw one figure within another, so that all 
the angles of the inner figure touch either the angles, sides, or 
planes of the external figure. 

To circumscribe — ^is to draw a figure round another, so that 
either the angles, sides, or planes of the circumscribing figure 
touch all the angles of the figure within it. 

LINES, ANGLES, AND FIGURES. 

To divide a given right line into two equal parts. 

From the extremities of the line as centres, and with any 
opening in the compasses, greater than half the given line, as *a 
radius, describe arcs intersecting each other above, and below the 
given line. A line being drawn through these intersections will 
divide the given line into two equal parts. 

An arc of a circle is bisected in the same manner. 

To bisect an angle. 

From the angular point, measure equal distances on the two 
lines (forming the angle), and from these points, with the same 
distance as radius, describe arcs intersecting each other. A line 
drawn from their intersections to the angular point will bisect the 
angle. 

To erect a perpendicular. 

From the point a set off any length 4 times to c ; feoro. k^ ^^s^. 
a centre with 3 of those parts deacT&ft an. ^t^ «!v. ^^ ^^^ 'nx'svsw^ 
with 5 of them cut the arc at u. Diww Kik,^\ii^^^^^'^^ 
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perpendicular required. Any equimultiples of these numbers, 3, 
4f 5, may be used for erecting a perpendicular. Plaie 2, Heights 
AND Distances, and Practical Geometey, Fig. J. 

To erect a perpendicular. 

Set off on each side of the point a, any two equal distances, 
A D, A E. From D and e as centres, and with any radius greater 
than half de, describe two arcs intersecting each other in f. 
Through a, and f draw the line a f, and it will be the perpendicu- 
lar required. 
Fig. 1, — Plate, Practical Geometet. 

To let fall a perpendicular. 

From D as a centre, and with any radius, describe an arc in- 
tersecting the given line. From the points of intersection c, and 
£, with any radius greater than half, describe two arcs, cutting 
each other at F. Through d, and f draw a line, and d f will be 
the perpendicular required. Fig. 2. 

To draw a line parallel to a given line. 

From any point d in the given line with the radius d c, de- 
scribe the arc c e, and from c with the same radius describe the 
arc D E. Take e o, and set it off from d to f. Through c, and f 
draw c f for the parallel required. Fig. 3. 

To divide an angle into two equal parts. 

From B as a centre with any radius describe an arc A c. From 
A, and c with any radius describe arcs intersecting each other in 
D. Then draw b d, and it will bisect the angle. Fig. 4. 

To divide a right angle into three equal parts. 

From B as a centre with any radius describe the arc A c. 
From A with the radius A b cut the arc A c in d, and with the same 
radius firom o cut it in e. Then through the intersections d, and e 
draw the lines bd, be, and they will trisect, or divide the angle 
into three equal parts. Fig. 5. 

To find the centre of a circle. 

Draw any chord A b, and bisect it by the perpendicular c d. 
Divide c d into two equal parts, and the point of bisection o will 
be the centre required. Fig. 6. 

To describe an equilateral triangle. 

From the points A, b, as centres, and with A b as radius, de- 
scribe arcs intersecting each other in c. Draw c A, c b, and the 
figure ABC will be the triangle required. Fig. 7. 

To describe a square. 

From the point b, draw b o Y^r^Tv^<^vi«.T^ and equal to a b. 
Ob a, and c, with the radius ab, ae«ci\\>e «x^% cAi\)k&%«w^«:^«c 



>^y. 
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in D. Draw the lines da, d c, and the figure a b c d will be the 
square required. Fig. 8. 

To tnacnbe a square in a circle. 

Draw the diameters ab, cd perpendicular to each other. 
Then draw the lines ad, a c, b d, b c ; and a b o d will be the 
square required. Fig. 9. 

To inscribe an octagon in a circle. 

Bisect any two arcs a c, b c of the square a b c d in o, and e. 
Through the points a, and e, and the centre o draw lines, which 
produce to f, and h. Join a f, f d, d h, &c., and they will form 
the octagon required. Fig. 9. 

On a line to describe all the several polygons^ from the hexagon 

to the dodecagon. 

Bisect A b by the perpendicular o d. From a as a centre, and 
with a b as a radius, describe the arc b e, which divide into six 
equal parts ; and from e as a centre describe the arcs 5 f, 4 g, 
3 H, &c. Then from the intersection e as a centre, and with e a 
as a radius, describe the circle a i d b, which will contain a b six 
times. From f in like manner as a centre, and with fa as radius, 
describe the circle aklb, which will contain a b seven times;, 
and so on for the other polygons. Fig. 10. 

To inscribe in a circle an equilateral triangle. 

From any point d in the circumference as a centre, and with 
the radius d o of the given circle, describe an arc a o b cutting the 
circumference in a, and b. Through d, and o draw d c. Then, 
join A B, AC, B c ; and the figure a b c will be the triangle re- 
quired. Fig. 11. 

To inscribe a hexagon in a circle. 

Bisect the arcs a c, b c in e, and f, and join a d, d b, b f, &c., 
which will form the hexagon. Or carry the radius six times 
round the circumference, and the hexagon will be obtained. 
Fig. 11. 

To inscribe a dodecagon in a circle. 

Bisect the arc a d of the hexagon in a, and a a being carried 
twelve times round the circumference, will form the dodecagon. 
Fig. 11. 

To inscribe a pentagon, hexagon, or decagon, in a cirde. 

Draw the diameter a b, and make the radius d c perpendicu- 
lar to a b. Bisect d b in e. From e as a centre, and with e c as< 
radius, describe an arc cutting a d in f. Join c f, which will be 
the side of the pentagon, o d that of the h.^^"8.'g5ya.>» wA\>^ '^^^ 
the decagon. Fig, 12. 
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To find the angles at the centre^ and circumference of a regular 

polygon. 

Divide 360 hy the number of the sides of the given polygon, 
and the quotient will be the angle at the centre ; and this angle 
being subtracted from 180, the difference will be the angle, at the 
circumference, required. 

Table, shounng the angles at the centre, and drcumferenee. 

jj No. of Amirles Angeles at 

x^wues. sides. at centre. drcumferenee. 

Trigon 3 120* 60" 

Tetragon 4 90* 90" 

Pentagon 5 72* 108 

Hexagon 6 60* 120' 

Heptagon 7 51* 25f' 128* 34J' 

Octagon 8 45* 136* 

Nonagon 9 40* 140* 

Decagon 10 36* 144* 

To inscribe any regular polygon in a circle. 

From the centre c draw the radii c a, c b, making an angle 
equal to that at the centre of the proposed polygon, as contained 
in the preceding table. Then the distance ▲ b will be one side of 
the polygon, which, being carried round the circumference the 

5 roper number of times, will complete the polygon required. 
^ig. 13. 

To circumscribe a circle about a triangle. 

Bisect any two of the given sides, a b, b c, by the perpendicu- 
lars E F, D F. From the intersection f as a centre, and with the 
distance of any of the angles, as a radius, describe the circle re- 
quired. JF^g. 14. 

To circumscribe a circle about a square. 

Draw the two diagonals a c, b d intersecting each other in o. 
From o as a centre, ana with o a, or o b, as a radius, describe the 
required circle. Fig. 15. 

To circumscribe a square about a cirde. 

Draw the two diameters a b, c d perpendicular to each other, 
through the points a, c, b, d, draw the tangents s f, k o, o h, f h, 
and E o H F will be the square required, ^ig. 16. 

To reduce a map, or plan, from one scale to another. 

Divide the given figure a c by cross lines, forming as many 

squares as may be thought necessary. Draw a line e f, on which 

set off as many parts from the scale m, as a b contains parts of the 

scale ir. Draw e h, and f a per^xk^VcviW tA e f^ and each equal 

to the proportional parts contBLvae^ va jlt>^ot -a^i, ^^vok^^^vad 
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divide the figure e a into tlie same number of squares as the 
original a c. Describe in every square what is contained in the 
corresponding square of the given figure ; and e f a h will be the 
reduced plan required. The same operation will serve either to 
reduce, or enlarge any map, plan, drawing, or painting. Fig. 17. 



MENSURATION OF PLANES, AND SOLIDS. 

Mensuration ia of three hinds, viz., lineal, superficial, and 
solid. 

Lineal measure has reference to length only. 

Superficial measure {or the surface) includes length, and 
breadth. 

Solid measure (or the content) comprehends length, breadth, 
and thickness. 

MENSURATION OF PLANES. 

The area of any plane figure is the superficial measure con- 
tained within its extremes, or bounds. This area is estimated by 
the number of small squares that may be contained in it, the side 
of these measuring squares being an inch, a foot, or any other fixed 
quantity, and hence the area is said to be so many square inches, 
square feet, &c. Vide Table, Square measure, Page 261. 

To find the area of a paraUelogram, whether a square, 

rectangle, dbc. 

Multiply the length by the breadth, or perpendicular height, 
for the area required. 

Example. — Required the area of a rectangle, whose length is 
9 feet, and breadth 4 feet. 

9 X 4= 36 feet. The required area, or surfiftce. 

To find the area of a triangle, its base, and perpendicular 

height being given. 

Multiply the base by the perpendicular height, and half the 
product will be the area. 

Example. — Required the number of square yards contained 

in a triangle, whose base is 20 yards, and perpendicular height 

14 yards. 

20 X 14 

— - — =s 140 square yards. Area required. 

To find the area of a triangle, whose three sides are given. 

From half the sum of the three sides, subtract each side 
severally; multiply the half sum, and the t\«^^ ^evsv^w^'Kv^'vKi- 
gether, and the square root of the pioducl 'wi^Xift XJc^^ «t^^\fcQ??«»^« 
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Or, divide the trapezium into two triangles by a diagonal, 
then find the areas of these triangles, and add them together. 

To find the area of a trapezoid^ AB CD, 

Multiply the sum of the parallel sides a b, d c by the per- 
pendicular distance e c, and half the product will be the area. 
Fig. 19. 

Example. — Required the area of the trapezoid ▲ b c d, of 
which the parallel sides ▲ b, d c are 120 feet, and 90 feet, and the 
perpendicular distance e c 40 feet. 

— » 4200 square feet. Area required. 



2 

To find the area of an irregrdar figure^ or polygon. 

Draw diagonals dividing the figure into trapeziums, and 
triangles ; then, having found the area of each, add them together, 
and the sum will be the area required. 

To find the area of a fi^re, having apaH hounded 

hy a curve. 

Draw a right line joining the extremities of the curve, then 
find the area of the trapezium. On the right line let fall as many 




being multiplied by the length of the right line, will give the 
area of the curved part. Ihis area being added to that of the 
trapezium vrill give the area of the required figure. 

To measure long irregular figures. 

Measure the breadth at both ends, and at several places at 
equal distances. Add together all these intermediate breadths, 
and half the two extremes, which sum multiply by the length, and 
divide by the number of parts for the area. If the perpenmculars, 
or breadths, he not at equal distances, compute all the parts 
separately, as so many trapezoids, and add them idl together for 
the whole area. 

Example. — ^The breadths of an irregular figure at five equi- 
distant places being 8, 2, 7, 9, 4, and the whole length 40, required 
the area. 

8 + 4«12 12.^2«:6 

6 + 2 + 7 + 9=24 

— ^ — «=240 Areft tec^xni^^L. 
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To find the number of square acres in any of the preceding 

figureiJ^ 

Divide tlie superficial content in feet by 43560, and the 
quotient will be the number. 

To bring square chains to acres. 

Of square chains strike off two decimal places to the right, 
and the rest of the figures will be acres. 

To bring square links to acres. 

Of square links cut off five of the figures on the right hand, 
for decimals, and the rest will be acres ; then multiply these 
decimals by 4, for roods, cutting off five figures as before ; and 
the decimals of these again by 40« for perches, when five figures 
are again to be struck on. 

To find the area cfa regmlar pclygon. 

Multiply the perimeter (or sum of the sides) of the polygon 
by the perpendicular drawn from its centre on one of its sides, 
and take half the product for the area. 

Or, multiply the area of one of the triangles by the number 
of sides of the polygon, and the product will be the area of it. 

Example, — ^Required, the area of a regular hexagon, whose 
side is 40 leet, and the perpendicular 34*64 feet. 

40 X 6=240 the perimeter* 
240x34-64 ^^^gg.g ^^^^ ^^^ Area required. 

To find the diameter ^ and eircamferevvce of any eirdCf the one 

from the other. 

Use either of the following proportions : 

as 7 is to 22 ) f so is the diameter 

or as 1 is to 3*1416/* 1 to the circumference, 

as 22 is to 7 \ J so is the circumference 

or, as 3*1416 is to Ij \ to the diameter ; 

or, instead of dividing the diameter by 3*1416, multiply it by '3183, 
for the circumference. 



* Gunter't chain is in \engVk 4 poles = 22 yards = 66 feet, and Is divided 

into 100 links. Each link is therefore ^ of a yard, or ^ of a foot, or 

7'92 inches. Land it eUimaUd in acres, roods, and perches. An acre contains 

10 square chains, or as much as 10 chains in length and 1 chain in breadth ; 

or in yards it is 220 x 22=4840 *, ot Va \MAe« \t is 40 x 4= 160 square poles ; or 

in iinks it is 1000 x 100 =100,000 «\\»x« \ViiY%. ku vscv^Na ^N\»ted into 4 parts 

called roods, and a rood into 40 vm^ ^*^«^ ^T<2M*,^\i»2iL«fc v:saa% y^Im^ 
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Example 1. — Required, the circumference of a circle, whose 
diameter is 20 feet. 

As 7 : 22 : : 20 : 62'857 feet. Circumference required. 

Example 2. — Required, the diameter of a circle, whose cir- 
cumference is 36 inches. 

As 22 : 7 : : 36 : 11*45 inches. Diameter required. 

To find the diameter of a circle^ the area "being given. 

Divide the area by '7864, and the square root of the quotient 
will be the diameter required. 

Example. — Required, the diameter of a circle, whose area is 
176715 square feet. 

176 715-r- -7854 =225. 

Square root of 225 « 15 feet. Diameter required. 

To find the area of a circle. 

1. Multiply half the circumference by half the diameter, or 
multiply the whole circumference by the whole diameter, and 
take 4 of the product. 

2. Or, square the diameter, and multiply that square by 
•7854 for the area. 

3. Or, square the circumference, and multiply that square 
by 0-7958. 

Example 1. — Required the area of a circle, whose circum- 
ference is 55*548 inches, and its diameter 18 inches. 

55*548^27-774 half circumference. 
2 

!§.= 9 half diameter. 
2 

27*774 X 9 = 249966 square inches. Area required. 

Example 2. — Required the area of a circle whose diameter is 
12 feet. 

12x12 = 144 square of the diameter. 

•7854 X 144 = 1 13*0976 square feet. Area required. 



or the square of a i)ole of 6| yards long, or the square of a quarter of a chain, 
or of 25 links, which is 625 Imks. Thus the divisions of land measure are — 

626 square links s 1 pole, or perch. 
40 perches = 1 rood. 

4 roods ss 1 acre. 

The length of linesL measured with a chain, should be ««t dcmu *\sv\a^'ik^>> 
integers, instead of in chains and decimals. Tbst^toT^t ^^^t ^i^ <s»Q^isc&>\k 
foun^ it will be in egvoLM links. 
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Example 3. — Eequired the area of a circle, whose circum- 
ference is 22 feet. 

22x22-484. 

484 X 07958 « 38*51672 square feet. Area required. 

To find the area of a circular riiig^ 

or space included between the circumferences of two circles, the 
one within the other. 

1. Subtract the square of the less diameter from the square 
of the greater, and multiply their difference by '7854. 

2. Or, find the area of each circle separately, and subtract 
one from the other, for the area required. 

3. Or, multiply the sum of the diameters by the difference 
of the same, and that product by *7854 for the area. 

Example. — ^Required the area of a ring, the diameters of 
whose bounding circles are 10, and 20. 

By Bute 3. 

20 + 10»30, sum of diameters. 

20 — 10=10, difference of diameters. 

30 X 10 X -7854 = 23562. The area. 

To find the length of any arc of a circle, 

1. As 360** is to the number of degrees in the arc, so is the 
circumference to the length of the arc. 

2. Or, multiply the degrees in the given arc by the radios 
of the circle, and the product by '01745 for the length of the arc 

Example. — Bvle 2. — Required the length of an arc of 30', 
the radius being 9 feet. 

30x9x01745=4-7115. Length of arc. 

To find the area of the sector of a drde. 

Multiply the radius by the arc, and half the product will be 
the area. 

Example. — Required the area of the sector, whose radius is 
30 inches, and the length of the arc 36*6 inches. 

^ = PiA.^ square inches. Area required. 

To find the area of the segment of a circle. 

Find the area of the sector, by the preceding role. Then 

find the area of the triangle formed by the chord of the segments, 

and the radii of the sector. Then, if the segment be less than a 

Bemicircle, subtract t\ie aro«k o^ Iha triangle from it ; or, if Um 

segment be greater tYiaii a MnodT^^^ ^^^^ ^t«^<^C ihe triangle 

to it ; for the area oi tlie afegnwsn^.. 
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Example. — ^Required the area of a segment less than a semi- 
circle, the radius being 20 inches, the chord 22-42 inches, the 
length of the arc 24*43 inches, and the perpendicular 16'56 inches. 

24-43 X 20 ^ 244-3 gquare inches. Area of the sector. 

22-42 X 16-66 iQK.««7a S square inches. 
« 185 6376 -^ ^^^ ^f tjjg triangle. 

244-3~185-6376-58-6624 { l^^Tre'q^^^^^^^ 

To find the area of a semicircle. 

1. Multiply i of the circumference by the radius, and the 
product will be the area. 

2. Or, multiply the square of the diameter by -7854, and 
half the product will be the area. 

Example. — Bule 2. — ^Required the area of a semicircle, the 
diameter being 50 inches. 

50x50x-7854_3 g f™uar« inches 
2 (^ Area required. 

To find the area of an ellipsis^ or oval. 

Multiply the longest diameter, or axis, by the shortest, then 
multiply the product by '7864 for the area. 

Example. — Required the area of the ellipse, whose diameters 
are 25 inches, and 18 inches. 

25 X 18 X -7854 =» 353*43 square inches. Area required. 

To find the area of a parabola^ or its segment. 

Multiply the base by the perpendicular height, and take two- 
thirds of the product for the area. 

Example. — Required the area of a parabola, whose base is 
20 feet, and height 12 feet. 

20x12 = 240 

I of 240 » 160 square feet. Area required. 

MENSURATION OF SOLIDS. 

A solid is a body containing length, breadth, and thickness. 

Solids are measured by cubes, whose sides are each an inch^ 
a foot, a yard, &c., and the solidity, capacity^ or cwAwt*. ^"^ «k^ 
figure is computed by the number oi B;ufi\i cx^^ w^ ^'c^ ^iooXsasifc^ 
in it. — Vide Cubic measure^ pag^ ^^^. 
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A cube is a solid contuned by six equal mnare 

A pyramii is a solid whose sides are all triangles meetmg 
toother in a point, the base being an^ plane figure whatever. 
It 18 called a triangular pyramid when its base is a triangle ; a 
square pyramid when its oase is a square, &c. 

The segment of a pyramid, cone^ or any other solid n a 
part of D E F o cut off from the top by a plane d e f, parallel to 
the base a b c. — Vide Fig, 21, Plate 2, Heiohtb, Dibtakces, and 
Practical Gbombtbt. 

A fnutrunif or trunk, is a part a b o d e f, that remains at 
the bottom after the segment is cut off 

A cone is a round pyramid, of which the base is a circle. 

The axis of a soUa is a line from the vertex (or point) to the 
centre of the base, or through the centres of the two ends. When 
the axis is perpendicular to the base, it is a right prism, pyramid, 
or cone ; otnerwise it is oblique. 

A sphere is a solid contained tinder one convex surface, and 
is described by the revolution of a semicircle about its diameter, 
which remains fixed. 

The centre of the sphere is such a point vrithin the solid as 
is everywhere equally distant from the convex surface, or circum- 
ference of it. 

The diameter (or axis) of a sphere is a straight line, which 
passes through the centre, and is terminated by the convex surface. 

A seament of a sphere is a part cut off W a plane, the section 
of which 18 always a circle, called the base of the seament, 

A sector of a sphere is that which is composed of a segment 
(less than an hemisphere) and of a cone. 

A prism is a solid, the sides of which are paraUelograms, 
having its ends equal, and similar plane figures. 

Prisms are named according to the number of angles in the 
base. 

A cylinder is a solid, the two ends of ^ which are circular ; 
and it is described, or formed, by the revolution of a right-angled 
parallelogram about one of its sides, which remains fixed. 

To find the superficies of a prism, or cylinder. 

Multiply the perimeter of one end of the prism by the lengt) 
or height of the solid, and the product will be the surface of aUJ 
sides. To which add also the area of the two ends of the prisi 
when required. 

Or, compute the areas of all the sides, and ends separate 
and add them all together. 

Example. — ^Required the surface of a cube, whose sides 
each 5 inches. 

5 + 5 + 5 + 5= 20 perimeter of one end. 

20 X 5 sr 100 surface of svdt*. 

5 X 5n 25 area of one end. 

1 00 + 26 + 25 «■ 150 aqjMLTO WV^iti. ^\n\wi^ ^\ ^so^. 
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To find the but foot of apyramidf or cone, 

Mnltiplj the perimeter of the base by the slant height, or 
length of the side, and half the product will be the surface of the 
sides ; to which add the area of me base when required. . 

Bxatnple. — ^Required the upright surface of a triangular 
pyramid, the dant height being 20 ieet| and each side of the base 
3 feet. 

3+3 + 3 = 9 perimeter of base. 

?_^ ?5 = 90 feet Surface required. 

To find the surfaee of thefruitrum ofapyramid^ or cone. 

Add together the perimeters of the two ends, multiply their 
sum by Uie slant height, and take half the product. 

Example, — ^How many^ square feet are in the surface of the 
frustrum of a square pyramid, whose slant height is 10 feet, each 
side of the base 3 feet, and each side of the less end 2 feet. 

3 + 3+3 + 3«12 perimeter of base. 
2+2+2+2«=i 8 perimeter of less end. 

12+8x10 ^ jQQ f^^4 Surface required. 
2 

To find the solid content of a prism, or cylinder. 

Find the area of the base, or end, and multiply it by the 
length of the prism, or cylinder. For a cube, multiply its side 
twice by itsetf ; and for a parallelopipedon, multiply the length, 
breadth, and depth together for the content. 

Example, — ^Required the solid content of a cube, whose side 
is 24 inches. 

24 X 24 X 24 =:« 13824 square inches. Content required. 

To find the content of the solid part of a hoUow cylinder. 

From the content of the whole cylinder considered as a solid, 
subtract the content of the hollow part, also considered as a solid, 
and the difference will be the solidity required. 

Example, — ^Required the content of the solid part of the 
hollow cylinder whose exterior diameter is 12 inches, the interior 
diameter 8 inches, and height 20 inches. 

12 X 12 X '7864= 1130976 area of base of cylinder. 

113-0976 X 20 « 2261*952 solidity of whole cylinder. 

8 X 8 X '7864 = 60'2656 area of base of hollow cylinder. 

50-2656 X 20 » 1005*312 content of hollow ^«.tt. 

2261-952— 1005-312 =1256*^c»yAC\itf^'ek^. ^s^J^^ciG^^wQ^^iss^ 

IE 
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To find the BolidUy of thefnutrwn of a eyUnder 

Moltiplj the area of the base by balf the greatest, and the 
least Icngtns, and the product will be the solidity. 

ExampU. — Required the solidity of a frustrum, whose diA- 
meter is 24 inches, the greatest length 36 inchea, and the least 
length 20 inches. 

24 X 24 = 576. Square of the diameter. 
576 X '7854 - 452*3904. Area of the base. 

452-3904xL«tL0-12666-9312 { g^Jl^JTr^^^,. 

To find ih€ content cf a pyramid^ or cone. 

¥lnd the area of the base, and multiply that area by the 
perpen(ticular height, and take J of the product. 

Example. — ^Required liie solidity of a 8q«aie pyrauud, each 
aide of its base being 80, and its perpendicular height 25. 

30 X 30s 900 area of base. 

900 x25_7g^ solidity required. 

To find the solidity of the fruetrum of a cone, or pyramid. 

Add into one simi the areas of the two ends, and the mean 
proportional between them : take J^ of that sum for the mean area, 
which multiply by the perpendicular height, or length of ^e 
frustrum. 

Note. — To find a mean proportional. 

As one of the sides of the base is to the homologous, or cor- 
responding side of the other end, so isth^ area of the baae to the 
mean proportional required. 

Example. — ^Required the number of solid feet in a pfece of 
timber, whose bases are squares, each side of the greater end 
being 15 inches, and each side of the less end 6 inchea; alio the 
lengm of the perpendicular altitude 24 feet. 

15 X 15 « 225 Area of the base. 
6 X 6= 36 Area of the top. 
As 15 : 6 : : 225 : 90 mean proportional. 
" 24 feet^ 288 inchea; 

225 + 36 + 90x288^3303^ cubic inches « 19} ciAio feet 
8 

To find the aurfaee of a ephere, or any eegment. 

Multiply tVie drcuinTexeiin^ ^ ^^ ^s^^xa Vs ^ diameter, 
whioh will give t\ie vWft wn^aft^. 
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Or, square tihe diameter, and mnltiply bj 3*1416. 
Or, square the circumference, and multiply by '3183 ; 

or divide by 3*1416. 

Note. — For the surface of the segment^ or frustrum, multi- 
ply the whole circumference of the sphere by tne height of the 
part required. 

Example, — Beqvdred the snperficiesof a globe, whose diameter 
is 24 inches. 

24 X 24 X 3*1416» 1809*5616 square inches. 

To find the solidity of a sphere^ or globe. 

1. Multiply the sur£Gu;e by the diameter, and take j- of the 
product. 

Or, multiply the square of the diameter by the circumference, 
and take i of the product. 

2. Cube the diameter, and multiply by '5236. 

3. Cube the circumference, and multiply by '01688. 

Example. — Bequired the content of a sphere, whose axis is 12. 
12 X 12 X 12 X -5236 « 904*7808. Content required. 

To find the solidity of an hemisphere. 

Find the solidity of the sphere, and half the content will be 
that of the hemisphere. 

Note 1. — ^Any sphere, or globe ttoice the diameter of another 
contains ybur times the superficies, or area of the other, and eight 
times the solid content. Hence the superficies of spheres are as 
the squares, and the solidity as the cubes of their diameters. 

Ifote 2. — The cube of the diameter of a sphere in inches, 
multiplied by '00188, will give the number of imperial gallons it 
wiXL contain. 

To find the solid content of a spherical segment. 

1. From three times the diameter of the sphere, take double 
the iieight <^ the segment ; then multiply the remainder by the 
square of the height, and this product oy '5236. 

2. Or, to three times the square of the radius of the seg> 
mentis base add the square of its height ; then multiply the sum 
by the height, and the product by '5236. 

Example. — ^Required the content of a spherical segment 
2 feet in height, cut from a sphere of 8 feet diameter. 

(3x8)— (2x2) =20 

20 X 2* X '5236 = 41*888 cubic feet. Content required. 

To find the diameter of a sphere^ its solidity being gttjeu. 

Divide the solidity by '5236, and te^ft ^-fc ^xjSo^ "swiX. ^\ '^'^ 
quotient 

y2 
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Example. — ^The solidity of a sphere being 113'0976 solid 
inclies, what will be its diameter. 

= 216, the cube root of which is 6 inches, the dia- 
•6236 
meter required. 

To find the weight of an iron shot^ its diameter being given. 

Take i of the cube of the diameter, and § of that eighth, and 
the sum of these two quotients will be the weight in pounds. 

Or, as 64 is to 91b. so is the diameter cubed to its weight. 

Example. — ^Required the weight of an iron shot whose dia- 
meter is 3*5 inches ? 

3*5 cubed » 42*875 cube of diameter. 

42*875 5-369 

-5*359 =*669 

8 8 

5*369 + *669 » 6*028 pounds. Weight required. 

To find the weight of a leaden haU^ ite diameter being given. 

Take ^ of the cube of the diameter, and from it subtract } of 
this third, and the remainder will be the weight, nearlj. 

Or, take ^ of the cube of the diameter. 

Example. — ^What is the weight of a leaden ball whose dia- 
meter is 3*3 inches? 



3*3 cubed s 35*937 cube of diameter. 

35937 11*979 
«11*979 > 



3*993 



3 3 

1 1*979— 3 993 — 7*986 pounds. Wei^ required* 



To find the diameter of an iron shot^ its weight being given. 

Multiply the cube root of the shot*s weight by 1*923 for the 
diameter. 



Pr. Cube root. 

42 3 4760, &c. 

32 31748 

24 2*8844 

18 2*6207 

12 2*2894 

9 2*0800 

6 1*8171 

3 1*4422 



?* OB 

.2 ^ 

vli 



Diameter. 

6*684, &c. 

6103 

6*545 

6*038 

4*401 

3*999 

3*494 
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To find the diameter of a leaden haUf its weight being given. 

To 4 times the weight add half the weight, and ^-J^ of half 
the weight ; and the cube root of this sum wiU be the diameter in 
inches, nearly. 

Eocample. — ^What is the diameter of a leaden ball, whose 
weight is 8 pounds ? 

8x4«32 1=4 ^ of 4-12. 

32+4+12 = 3612, of which the cube root is 3*3 inches, 
nearly. Diameter required. 

To find the weight of an iron shelly it» interior, and exterior 

diameter being given. 

Take -^ of the difference of the cubes of the external and 
internal diameters, for the weight of the shell in pounds. 

Example. — ^What is the weight of a shell whose exterior 
diameter is 12*85 inches, and intenor diameter 8*75 inches ? 

12-85 cubed =2121-8241, 8*75 cubed =669-9218. 

2121-8241— 669-9218 = 1451-9022. 

A of 1451-9022 =204-1737 pounds. Weight required. 

To find the qtiantity of powder a shell tvUl contain. 

Divide the cube of the interior diameter in inches by 57*3, 
and the quotient will be the weight in pounds. 

Or, multiply the cube of the diameter by 11, and divide by 21 
for the quantity in half ounces. 

Example. — How much powder will fill a shell, whose internal 
diameter is 7 inches ? 

7 cubed -=343 

= 6 pounds nearly. Powder required. 

To find the side of a cubical box to contain a given quantity of 

powder.* 

Multiply the weight in pounds b^r 30, and the cube root of the 
product will be the siae of the box in inches. 

Example. — Required the side of a cubical box to hold 50 
pounds of powder ? 

50 X 30 = 1500, the cube root of which is 11^44, which will be 
the side of the box in inches. 



* 67*3 is the number of poands of powder contained in a cubic foot, wK«bl 
shaken; and 56 pounds when not shaken. A.qcqx^&xl'^Xa >Scv^%x^ <»m^«scv^ 
pound of powder will occupy 30 cubic Vnchea \ vbA wsewt^aa^Xft ^Cs^a ^w!«b»sv. 
ease, one poand will occupy 31*4182 cubic VncYiAa. 
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To find the quantity of powder to fXL the ekamber of a fitortor, 

or howitzer. 

Multiply the content of the chamber in inches by 56, and 
divide the product by 1728, and the quotient will be the quantity 
of powder in pounds. 

Note. — ^The chamber of a mortar, or howitzer, is formed of a 
hollow frustrum of a right cone, and of a hollow hemisphere. 

Example. — Required the quantity of powder to fill the 
chamber of a 13-inch mortar in which the diameter ab is 9*5 
inches, the diameter c e 6*5 inches, and the length d e 21*5 inches. 
Vide Fig. 22. Plate 2. Hbiohts, and Distances, and Prac- 
tical Geometry. . . 

The content of the chamber must be found by finding the 
content of the hollow frustrum of the cone, and that of the hemi- 
sphere [vide preceding rules) : which in this example will be 
999-9741875. 

Then ???:97\1875x55^3^ ^ ^^^^ 
1728 4- "-I J 

To find the quantity cf powder tofiUa rectangular box. 

Divide the content (viz., length x breadth x depth) of the 
box in inches by 30 for the pounds of powder. 

Uxample. — How much powder will fill a box, the length 
being 15 inches, the breadth 12, and the depth 10 inches. 

15 X 12 X 10^ 1800 ^gQ ^^ Number required. 
30 30 *^ 

To find the quantity of powder to fiU a cylinder. 

Multiply the square of the diameter by the length, ihea. di- 
vide by 38*2 for the pounds of powder. 

Example. — How much powder will the cylinder contain, 
whose diameter is 10 inches, and length 20 inches ? 

10 X 10 x20^52i ^d ng^ri 
38-2 

To find the size of a sheU, to contain a given weight of powder. 

Multiply the pounds of powder by 57*3, and the cube root of 
the product will be the diameter in inches. 

Example. — Kequired the diameter of a shell to contain 6 lb. 
of|>owder? 

6x57*3 a 343*8, the cub© t«A. <A \?V^Ci\i \& 7^ the diameter 
required, in inches. 
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To find what length of a cylinder {or hore of a gun) tmU hefiUed 

by a given weight of powder. 

Multiplj the weight in pounds by 38*2, and divide the pro- 
dact by the square of the diameter in inches, for the length. 

Example. — ^What length of a cylinder 8 inches in diameter 
will be filled with 20 lb. of powder ? 

?22ii§^-llU inches. 
8x8 

To find the content^ and weight of a piece of ordnance. 

Divide the length of the gun into as many sections as may be. 
found necessary. Find the content of each (by preceding rules) 
and from their sum subtract the content of a cyhnder, whose length 
is equal to that of the bore, and its diameter equal to that of the 
calibre of the piece ; multiply the difference (if it be a brass gun) 
by 50833, (if an iron gun) by 4*2968, and the product will be the 
weight in ounces. 

Note. — ^A cubic inch of gun metal weighs 5*0833 ounces. 
Ditto ofcfiw^iron 4*2968 omices. 

To find the content of a cash. 

Multiply half the sum of the areas of the two interior 
circles, viz., at the head, and bung, by the interior length, for the 
content. 

Or, to the area of the head add twice the area at the bung, 
multiply that sum by the length, and take one-third of the product. 

Example. — ^Eequired the content of a cask, its greatest interior 
diameter being 24 inches, its least interior diameter 20 inches, and 
the interior length 30 inches. 

24 X 24 X •7854-= 452*3904 area of large circle. 
20 X 20 X -7854-314*1600 area of small circle. 
452-3904 + 3141600^3g3^^ga I,^,^ 
2 

Then 383*2752x30= 11498*256 the content; which being 
divided by 277^ Tthe number of cubic inches in a gallon) will give 
the numliier of gallons contained in the cask. 

Thus 11^^^=41*4725, &c. Number of gallons required. 
277*26 & 1 

Note. — ^The content of any vessel in cubic feet, multiplied by 
6*232 (or if in inches by *003607) will ^vft t]bft xsamJa^x^-wcBW^ 
gaXLons it tviU contain. 
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EPITOME OF MENSURATION. 

OF THB CIRCLE, CIXJHDBB, SFHEBE, BTa 

1. The circle eoBtains a greater area than any other pLme 
figure, hounded hj an equal perimeter, or ostluM. 

2. The areas of circles are to each other as the squares of 
their diameters ; any circle twice the diameter of another contains 
four times the area of the other. 

3. The diameter of a circle heing 1, its ciroiimfiBrenoe equals 
3141C. 

4. The diameter of a circle is equal to '81831 of its circum- 
ference. 

5. The square of the diameter of a drde heing 1, its area 
equals '7854. 

6. The square root of the area of a circle, multiplied hy 
1*12837, equals its diameter. 

7. The diameter of a circle, multiplied hj *8862, or the cir- 
cumference multiplied hy *2821, equals the side of a square of 
equal area. 

8. The sum of the squares of half the chord, and versed sine, 
divided hy the versed sine, the quotient equals the <^meter of the 
corresponding circle. 

9. The chord of the whole arc of a circle taken from eight 
times the chord of half the arc, one-third of the remainder equals 
the length of the Arc; 

10. Or, the numher of degrees contained in the arc of a circle^ 
multiplied hy the diameter of the circle, and hy '008727, the pro- 
duct equals the leneth of the arc in equal terms of unity. 

11. The lenetn of the arc of the sector of a circle multiplied 
hy its radius, half the product is the area. 

12. The area of uie seement of a circle equals the area sf 
the sector, minus the area of a triangle whose vertex is the centre, 
and hase equals the chord of the segment. 

13. The sum of the diameters of two concentric circles mul- 
tiplied by their difference, and by *7854, equals the area of the 
ring, or space contained between them. 

14. The sum of the thickness, and internal diameter of a 
cylindric ring multiplied by the square of its thickness, and by 
2*4674, equals its solidity. 

15. The circumference of a cylinder muldplied by its length, 
or height, equals its convex surface. 

16. The area of the end of a cylinder multiplied by its length, 
equals its solid content. 

17. The area of the internal diameter of a cylinder multiplied 
bjr its depth, equals its cubical capacity. 

18. The square of tlie ^amcter c^ «* c-foxAwt xosaM^lied by 
Jta length, and divided by any ot\»T T«9jax«^ V\i^S«S'^'^ %R5a» 
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root of the quotient equals the diameter of the other cylinder of 
equal solidity, or capacity. 

19. The square of the diameter of a sphere multiplied hy 
3*1416 equals its convex surface. 

20. The cube of the diameter of a sphere multiplied by 
*5236| equals its solid content. 

21. The height of any spherical se^eatj or zone, multiplied 
by the diameter of the sphere, of which it is a part, and by 
8*1416, eouais the area, or convex surface of the segment ; 

22. Or, the height of the segment multiplied by the circum- 
ference of the sphere of which it is a part, equals the area. 

23. The solidity of any spherical segment is equal to three 
times the square of the racuus of its base, plus the square of its 
height, and multiplied by its height, and by '5236. 

24. The solidity of a sphencal zone equals the sum of th« 
squares of the radii of its two ends, and one-third the square of its 
height, multiplied by the height, and by 1*5708. 

25. The solidity of the middle zone of a sphere equals the sum 
of the square of either end, and two-thirds the square of the 
height, multiplied by the height, and by '7854. 

26. The capacity of a cylinder 1 foot in diameter, and 1 foot 
in length, equals 4*895 imperial gallons. 

27. The capacity of a cylinder 1 inch in diameter, and 1 foot 
in length, equals *034 of an imperial gallon. 

28. The capacity of a cylinder 1 inch in diameter, and 1 inch 
in length, equals '002832 of an imperial eallon. 

29. The capacity of a sphere 1 foot in diameter, equals 3*263 
imperial gallons. 

30. The capacity of a sphere 1 inch in diameter, equals 
'001888 of an imperial gallon. 

31. Hence the capacity of any other cylinder in imperial 
eallons is obtained by multiplying the square of its diameter by 
its length ; or the capacity of any other sphere by the cube of its 
diameter, and by the number of imperial gallons contained as 
above in the unity of its measurement. 

OF THE SQUARE, RECTANGLE, CUBE, ETC. 

1. The side of a square equals the square root of its area. 

2. The area of a square equals the square of one of its sides. 

3. The diagonal of a square equals the square root of twice 
the square of its side. 

4. The side of a square is equal to the square root of half 
the square of its diagonal. 

5. The side of a square, equal to the diagonal of a given square, 
contains double the area of the given square. 

6. The area of a rectangle equals its length multiplied by its 
breadth. 

7. The length of a rectangle ec^«\A ^^ «w«» ^vrv^^V^rj *^^. 
hreadtb; or. the breadth equals t\ie aroa ^tv^jw^Vj ^fift»^«wg^ 
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8. The side, or end of a rectangle, equals like square root of 
the sum of the diagonal, and opposite side to that required, mvHA' 
plied by their difference. 

9. The diagonal in a rectangle equals the square root of the 
turn of the squares of the base, and perpendicular. 

10. The solidity of a cube equals the area of one of its sides 
multiplied by the length of one of its edges. 

11. The edge oia cube equals IJie cube root of its solidity. 

12. The capacity of -a 12-uch cube equals 6'232 gallons. 

SwrfacMy cmd 8oUdUie$ of the regular bodies^ when the 

linear edge is 1. 



No. of Sides. 


Names. 


Surftees. 


SolMfl. 


4 

6 

8 

12 

20 


Tetrahedron 

Hexahedron 

Octahedron 

Dodecahedron 

loosahedron 


1-7320608 
6- 

3-4641016 

20-6467788 

86602640 


0-1178613 

1- 

0-4714046 

7-6631189 

21816960 



The tabular surface multiplied by the square of the linear 
edge, the product equals the suirace required : 

Or, the tabular solidity, multiplied by the cube of the linear 
edge, the product is the solidity required. 

OF TBIANOLES, POLYGONS, ETC. 

1. The complement of an angle is its defect from a right angle. 

2. The supplement of an angle is its defect from, two right 
angles. 

3. The sine, tangent, and secant of an angle, are the cosine, 
cotangent and cosecant of the complement of that angle. 

4. The hypothenuse of a right-angled triuigle being made 
radii, its sides oecome the sines of the opposite angles, or the 
cosines of the adjacent angles. 

5. The three angles of every triangle are equal to two right 
angles ; hence the oblique angles of a right-angled trian^e are 
eadi other's complements. 

6. The sum of the squares of the two given sides of a right 
angled triangle is equal to the souare of the hypothenuse. 

7. The difference between tne square of the hypothenuse, and 
given side of a right-angled triangle is equal to the square of the 
required side. 

8. The area of a triangle equals half the product of the base 
multiplied by the perpendicular height 

9. Or, the area of a triangle «(^«Aa V«M >2(i& ^^duct of the 
two mdeB, and the natural siiie of ^ oonXwnn^ «si^. 
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10. The side of any regular polygon multiplied by its apothem, 
or perpendicular, and by the number of its sides, half the product 
the area. 
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Tiible of the areas of regular polygons whose sides a/re unity. 



Name of 
polygfon. 



Triangle ... 

Square 

Pentagon... 
Hexagon... 
Heptagon.. 
Octagon ... 
Nonagon... 
Decagon ... 
TJndecagon. 
Dodecagon. 



No. of 


Apothem, 


Area, when 


Interior 


Central 


sides. 


or perpen- 
dicnlar. 


Bide 18 one, 
or unity. 


angle. 


angle. 


3 


0-2886761 


0-4330127 


/ 

60 


/ 

120 


4 


0-6 


1- 


90 


90 


6 


0-6881910 


1-7204774 


108 


72 


6 


0*8660264 


2-5980762 


120 


60 


7 


1*0382607 


3-6339124 


128 m 


61 261 


8 


1-2071068 


4-8284271 


136 


46 


9 


1-3737387 


6-1818242 


140 


40 


10 


1-6388418 


7-6942088 


144 


36 


11 


1-7028436 


9-3666399 


147 16^ 


32 43A^ 


12 


1-8660254 


11-1961624 


160 


30 



The tabular area of the corresponding polyeon multiplied by 
the square of the side of the given polygon, equals the area of the 
given polygon. 

OF ELLIPSES, CONES, FBUSTRUMS, ETC. 

1. The square root of half the sum of the squares of the two 
diameters of an ellipse multiplied by 3*1416 equals its circum- 
ference. 

2. The product of the two axes of an ellipse multiplied by 
•7854 equals its area. 

3. The curve surface of a cone is equal to half the product' of 
the circumference of its base multiplied hj its slant side, to which, 
if the area of the base be added, the sum is the whole surface. 

4. The solidity of a cone equals one third of the product of 
its base multiplied by its altitude, or height. 

5. The squares of the diameters of the two ends of the frus- 
trum of a cone added to the product of the two diameters, and that 
sum multiplied by its height, and by -2618, equab its solidity. 



THE END. 
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